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The Retting of Hemp 
I. Field Retting of Hemp in Iowa I 
By W. H. FULLER, A. G. NORMAN ana C. P. "TILSIE~ 
GENERAL 
Hemp was planted in Iowa in 1943 and ] 944 as a war 
emergency crop under a program planned to meet expected 
shortages of cordage fibers resulting from the loss of the Philip-
pines and the Dutch East Indies to Japan in 1942. There was 
no general previons experience with this crop in the state, and 
as much as 45,000 acres grouped around 11 mill sites in the 
north-central counties were called for in the first season. A 
small acreage of domestic hemp had been produced in 'Viscon-
sin and Kentucky for many ycars so that there was a consid-
erable volume of information as to the cultural and management 
practices required. That soil and climatic conditions in Iowa. 
would be reasonably suitable for the growth of this erop was not 
doubted, and this was confirmed by successful small experimental 
plantings in 1942. There was some doubt, however, whether the 
moisture conditions in the fall would be as suitable for the ret-
ting of the straw as in the hemp area in 'Visconsin. 
Retting is an essential step in production and plays a grcat 
part in determining the value of the product. It is, in fact, the 
first step in processing but, in contrast to almost every other 
crop, this processing step is carried out in the field by the pra-
ducer. Unfortunately, field retting (01' dew retting as it is some-
times called) is not controllable in the ordinary sense, and the 
extent of control that the producer has is limited to turning the 
hemp to promote uniformity of retting and picking it up at the 
proper time to prevent over-retting. 'Vhether retting does 01' 
does not occur depends primarily on the moisture distribution 
during the fall. There was every reason to believe that central 
Iowa conditions are often less humid than those of eastern 'Vis-
consin, where in most, but not all, years retting proceeds satis-
factorily. This bulletin r'eviews the experiences of 1943 and 
1944, which were seasons of contrast with respect to rettin rr con-
ditions, in that in the former year much of the commercial crop 
was insufficiently retted while in the latter year over-retting was 
a common occurrencc. This bulletin also includes an analysis of 
1 Project 824 of the Iowa Agricultural Experiment Station. 
2 Research associate, rest'arch l)fOfessor and res(!arch as:;;ociate IJtofessor, res]lcc-
thely. 
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the factors involved in field retting as developed from detailed 
studies of experimental plots in both seasons. 
REASONS FOR RETTING 
The fibers of the hemp stalk are found in bundles which lie 
in the sheath of weaker tissues that surrounds the woody central 
part of the stem. '1'he bundle eells are strong and thickened. 
They can be stripped off unretted hemp, but do not separate 
easily, and, moreover, they come away in ribbons still enclosed 
in the weaker thin-walled tissues around them and with the epi-
dermal cells attached on the outside. The whole sheath contain-
ing the fibers is sometimes spoken of as the "bark" of the hemp. 
(Fig. 1.) The bark makes up only about one-fifth of the total 
weight of the hemp straw. The purpose of retting is to cause 
enough damage to the thin-walled cells surrounding the bundles 
that the separation of the latter is easily accomplished. Not only 
does the bark come away readily from the wood, but the bundles 
separate one from another, and adhering epidermal cells are 
easily removed later in scutching and hackling. After proper 
retting, the milled fibers are not obtained in ribbons or bands 
but are more or less separate and clean. 
Retting is a p""cess of decomposition and is brought about by 
fiber 
wood 
fiber 
microorganisms. The word "ret" has the 
same origin as the word "rot," and ret-
ting is, in fact, accomplished as the first 
stage in rotting. The thin-walled tissues 
surrounding the bundles arc readily at-
tacked so that the bundles themselves 
are loosened. Some atbck in the bun-
dles undoubtedly occurs and, if over-ret-
tillg is allowed to occur, it is a common 
experience to find the fibers weal,ened. 
Because it is a microbiological process, 
retting is dependent on environmental 
conditions favorable for the develop-
ment and continued activity of the or-
ganisms concerned. In practice, the 
presence of sufficient moisture in the fall 
is probably the most important single 
factor. Late in the fall, as wintry concli-
tions occur, low temperature may be 
limiting even though the moisture sup-
ply is ample. 
Fig. 1: Diagram of a 
mature hemp stalk show-
ing position of fibers. 
'1'he decomposition that accomplishe'l 
the liberation of fiber bundles from the 
tissues surrounding them is not brought 
about by a limited number of highly specialized organisms. The 
ability to utilize thc constituents of cell walls and cell contents is 
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widespread amongst bacteria and fungi, though the particular 
environmental conditions may determine which · groups are 
active. 
OPERATIONS INVOLVED IN FIELD RETTING 
Hemp for fiber is cut long before maturity, usually when the 
male flowers are in bloom and shedding pollen copiously. Many 
of the leaves on the lower parts of the stem will have yellowed or 
fallen. There is no clear evidence that time of harvest is par-
ticularly critical as affecting quality of fiber, though the state-
ment is often made that the fiber from early-harvested hemp is 
softer but weaker than that harvested later. In the absence of 
Ilny clear criteria of quality the decision as to date of harvest in 
thp. past has probably been a compromise between early harvest 
which may give a lower yield per acre, and later harvest which 
may not allow sufficient time for successful completion of retting 
hefore winter sets in. ' 
The hemp harvester cuts a swath 8 or 9 feet wide, and the 
stalks, which are kept parall!'l and butted evenly, are turned 
through 90° on a canvas turntable and spread on the ground 
remarkably uniformly. (Fig. 2.) The stall,s are cut as near to 
the ground as is feasible, not only with the intention of getting 
maximum yield but also so that the stubble 011 which the hemp 
is laid is not too long. If the hemp is very tall one swath when 
spread may lap over the next. This is unimportant, however, 
because usually the overlap is confined to the slender tops, from 
which the leaves soon shrivel and fall. If the stand is heavy the 
Fig. 2. Harvesting and spreading hemp. 
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Fig. 3. Picking up and shocking retted hemp. 
layer of hemp may be several inches thick. 'rhe hemp rapidly 
dries and the straw exposed bleaches in the sun to a light tall 
color. If weather conditions are suitable retting commences, but 
nnless there are frequent rahistorms or the humidity remains 
high, the progress of rctting" appears usually to be more rapid 
in the upper part of the layer of stalks. In order to obtain as 
uniform a product as possible, turning may be resorted to. This 
may be done by hand, using long poles, or by one of the machines 
now developed for'this purpose. In either case the result is to 
bring uppermost that straw which was previouslY at the bottom 
of the layer. 
·When retting is considered complete, or to have proceeded as 
~'ig. 4. Retted hemp ill bundles and shocks. 
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far as is likely to occur before winter, thA straw is picked up 
by a gather-binder. which ties it into convenient sized bundles. 
These are then shocked in order that drying ,may occur before 
hauling to the mill for stacking. (Figs. 3 and 4.) 
It will be realized that opportunities for decisions that may 
affect the condition of the product occur twice-once as to the 
time or desirability of turning, and once as to the time of picking 
up. It may well be, however, that even though the hemp is con-
sidered to be well retted and therefore ready to be picked up, 
continued· wet weather prevails and prevents the operation of 
the gather-binder. 
RETTING OF COMMERCIAL HEMP IN 1943 
OBSERVATIONS 
The commercial acreage of )lemp was grouped into 11 mill 
areas in the north-central part of the state. (Fig.5.) The distri-
bution of the crop was in fact largely determined by the selec-
tion of mill locations, because for reasons connected with the 
efficient use of harvesting machinery and haulage of the retted 
straw, wide dispersal of the crop would be impractical. 
Field retting of hemp is dependent on the weather. Warm 
and wet conditions favor rapid retting while cold dry, or 
hot dry, conditions delay the process. In general, the weather in 
the 1943 season was unfavorable for hemp retting. The month 
of September was unusually C'ool and dry, and was followed by 
a dry sunny period during most of October, when the relative 
humidity was low during the middle of the day. Cold weather 
came on before much of the crop was well retted, and large acre-
ages were picked up, bound and stacked in late November or in 
December at a time when the risk of being covered with snow 
was great. Fortunately, with the exception of an early snow 
which brought much needed moisture to the northwestern part 
of the hemp area, little or no snow fell during the early part of 
the winter, and binding and llauling from the farms proceeded 
into January. 
All of the hemp was harvested in September. In most of the 
mill areas, operations started about the tenth of the month and 
were completed about Sept. 25. Hemp in a few fields which were 
harvested shortly after Sept. 1 retted fairly well, but the bulk 
of the crop, cut approximately 2 to 3 weeks later, did not ret 
satisfactorily. 
RAINFALL 
Data on autumn rainfall, as obtained by the United States 
Weather Bureau, are given in table 1. This table shows the pre-
cipitation for the three months September, October and Novem-
Legend 
Experimental Situ 
I. Clarinda 
2. Onawa 
3. Sioux Rapids 
4. Ames 
o Commericial Mill Areas 
I. Algona 
2. Britt 
3. Mason City 
4. Rockford 
5. Humbolt 
6. Eagle Grove 
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'7. Hampton 
B. Iowa Falls 
9. Grundy Center 
10. Traer 
II. Boone 
Fig. 5. Commercial mill areas and experimental retting sites. Approximately 
4,000 acres of hemp were grown in 1943 in the vicinity of each mill. 
bel' 1943, in several locations in the hemp area, together with the 
normal precipitation for that period. The September rainfall is 
divided into two half-month periods because the retting of hemp 
harvested after Sept. 15 would obviously not be affected by rain 
that fell before that date. 
During September and October precipitation in the hemp area 
was only from 42 to 64 percent of normal, and in the three 
autumn months was only 51 to 68 percent of normal. The 
November data should be included because much of the hemp 
was still on the ground and some retting took place dur.ing that 
TABLE 1. PRECIPITATIO~ I", INCHES AT SEVERAL LOCATIONS IN THE 10WA HE:lIP AREA IN THE AUTUMN OF 1943 
ANIl NOR:l.UL PRECIPITATION' FOR THAT PERIOD. 
Period I Algona Britt Mason Charles \ Iowa \ I City Cit.y I Humboldt Falls Boone Ames I Grundy I Center Toledo 
Sept. 1·15 .......................• 1.09 1.19 1.41 0.92 0.86 1.09 1.74 1.75 1.15 2.42 
Sept. 16·30 ........................ 0.13 0.32 0.67 0.91 0.41 1.14 1.30 1.73 0.57 0.35 
Sel)t. total ........................ 1.22 1.51 2.08 1.84 1.27 2.23 3.04 3.48 1.72 2.77 
Sept. norma} ...................... 4.25 3.99 3.90 3.68 3.73 4.09 4.58 4.32 4.41 4.76 
Oct. total ......................... 1.44 1.47 1.63 UJl 1.57 1.56 1.22 0.99 1.78 1_58 
Oct. normal ....................... 2.12 2.18 2.06 2.33 2.24 2.41 2.58 2.62 2.66 2.5~ 
No,'. total ......................... 1.59 1.10 1.46 1.26 1.48 0.82 1.06 0.55 1.01 0.95 
Nov. normal ....................... 1.59 1.55 1.60 1.53 1.80 1.76 1.65 1.53 1.81 1.89 
Autumn 1943 ...................... 4.25 4.08 5.17 5.01 4.32 4.61 5.32 5.02 4.51 530 
Autumn normal .................... 7.96 7.72 7.56 7.54 7.77 8.26 8.81 8.47 8.88 9.18 
Percent of normal 
Autumn 1943 ...................... 53 53 68 66 56 56 60 59 51 58 
- -----
TABLE 2. NUMBER OF DAYS WITH 0.01 INCH OR MORE OF PRECIl'ITATIO", IN THE AUTUMN OI<' 1943 AND 
NOR11AL NU:llBER FOR THAT PERIOD. 
Poriod 
Algona Britt 
SeptembQr ..•........•... 7 7 
October .•............... 5 5 
November .. , ..•...••.... 4 3 
Au tumn total. .......•... 16 12 
Autumn normal .....•.... 15 18 
l\Iason 
City 
8 
6 
3 
17 
19 
Chnrles 
City 
8 
6 
4 
18 
22 
I I I Humboldt r 
6 
5 
3 
14 
18 
Iowa 
Falls 
8 
5 
4 
17 J 20 
Boone 
6 I 5 
I 
4 
15 
20 ! J 
Ames 
7 
6 
5 
18 
21 
Grundy 
C~nter 
6 
4 
3 
13 
22 
Toledc 
7 
5 
3 
15 
23 
·00 
w 
<;;) 
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month despite low temperatures. It is believed, however, that 
field retting should be completed in October if at all possible, in 
, order that all hemp can be bound and stacked before snows and 
severely cold weather arrive. 
Not only is total rainfall important in retting but perhaps 
still more important is the frequency of rainfall and the per-
centage of cloudy and partly cloudy days. In table 2 is recorded 
the number of days on which 0.01, inch or more of precipitation 
occurred. At all but one of these stations listed there were fewer 
rainy days in the fall of 1943 than normal. 
TIME OF HARVEST 
For the strongest fiber, it is believed that hemp should be 
harvested when the plants are nearly mature. In Wisconsin it 
has been the common practice to cut hemp when the male plants 
are in full bloom or just past the full bloom stage. Many female 
plants are still growing actively and continue to grow for 2 or 
3 weeks more. It probably is impossible to harvest both male 
'and female, plants at one time and obtain optimum fiber quality 
in both. It is for this reason that in several European countries 
attempts have been made to develop strains that mature all 
plants simultaneously. In Italy, male and female plants are even 
sorted out and retted separately so as to obtain the most uniform 
quality of fiber possible from each kind of plant. 
Under conditions of controlled retting,~ hemp might perhaps 
be harvested at the proper stage of maturity to produce the best 
fiber. When dependent on field retting, the hemp must be har-
vested sufficiently early so that it has a good chance of becoming 
well retted, and can be picked up from the fields before winter 
weather. Early September appears to be the best compromise 
date for harvest in Iowa when field retting is practiced, because 
of the considerable possibility that retting will not proceed to 
completion if cutting is delayed after mid-September. 
Hemp growers in the past have recognized that early-cut hemp 
rets more rapidly than late-cut hemp. In the 1943 season, this 
was confirmed. Chilean hemp, grown at Ames and cut on Aug. 
18, was completely retted by Sept. 9. The commercial variety, 
Kentucl!:y hemp cut Sept. 1-7 retted much faster than that cut 
in the same field on Sept. 30. 
Early harvest favors field retting for two reasons: Immature 
plants ret more easily than mature plants, and temperature and 
moisture conditions usually are more favorable for rapid rettillg 
early in the fall. The normal September rainfall is nearly t)vice 
the'normal October rainfall. In 1943, moisture conditions were 
much more favorable for retting during the first half of Sep-
tember than they were during the last half of that month. 
(Table 1.) 
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HEIGHT OF CU'l'TING 
Hemp straw lying close to the ground was observed to ret 
more rapidly than when lying on a tall stubble where the wind 
can blow under the swath, thus drying it out quickly each morn-
ing and after each rain. Because hemp growing was new in 
Iowa, growers were not fully aware of the importance of leaving' 
fields, sufficiently level and smooth to facilitate cutting close to 
the ground. Also, in this the first year of the production pro-
gram, some of the harvesting machine operators did not realizc 
the importance of saving all of the stalk possible and having the 
straw spread close to the ground. In general, stubble from 6 to 
10 inches in height was left, with only a few fields cut with a 2- to 
4-inch stubble. Simple experiments and numerous observations 
showed that this tall stubblc, which allowed the air to circulate 
freely under the swath, was a contributing factor to the general 
condition of poor retting in 1943. 
TURNING THE SWATH 
'rurning hemp in the swath greatly facilitates uniformity of 
retting. "When rettillg is dependent on light rains and dews, as 
was the case generally in" 1943, the upper surface of the stalks 
appears to be attacked by the retting organisms first, so that 
retting proceeds from the top down. Only when the swath waR 
completely wet through, and the stalks at the bottom remained 
wet for a considerable period of time, did much retting take place 
at the bottom. 
In the 1943 season, probably less than half of all the hemp 
grown in Iowa was turned. Lack of sufficient labor and turning 
machines, and lack of general conviction of the value of turning 
were largely responsible for this situation. 'rile advice given by 
the mill managers in their respective areas was not always con-
sistent as to the desirability or need for turning. After milling 
the crop, however, it was gencrally agreed by the hemp mill man-
agers that more uniform and better quality fiber was produced 
from hemp that was turned at the proper time. 
OBSERVATIONS ON PT.JAN'l'INGS TN 
WESTERN JOW A IN 1943 
To gain further information on the adaptation of hemp to 
soil and climatic conditions outside the commercial hemp area, 
and particularly to determine if weather conditions were fayor-
able for field retting, acre plantiligs were made at each" of four 
locations in western Iowa. 'l'hese included the Soil Conservation 
Experimental Farm at Clarinda in Page County; the Jim McIn-
tyre farm neal' Onawa in l\Tonona County; the Cherokee Hospital 
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Farm in Cherokee County; and the Charles Pickering farm 
north of Sioux Rapids in Clay County. (Fig. 5.) 
The hemp was planted in late April or early May, using a 
grain drill. Germination and stand establishment were satis-
faetory at all locations. A severe hailstorm· damaged the Chero-
kee plot so badly in late July that it was abandoned. At that 
time the hemp was about 6 feet in heig'ht, and the hail cut it off 
leaving a stubble from 1 to 2 feet in height. Rccovcry was slight, 
although some small hemp not cut off made fair growth following 
the storm. 
Growth at thc other threc locations was satisfactory, although 
at Onawa the hemp grown on Missouri river bottomland soil 
showed considerable variability ill stalk size throughout the sea-
son. The most uniform growth and thickest stand were obtained 
at Sioux Rapids. 
Harvesting was started somewhat late on account of delay in 
obtaining one of the regular harvesters from the commercial 
hemp area. The three plots were cut in the period between 
Sept. 20 and 28. Rainfall data were obtained from the "\Veather 
Bureau, and the progress of retting in the swath was noted. 
By Oct. 15 very little retting had taken place at Onawa and 
at Sioux Rapids, whereas at Clarinda the top of the swath was 
fairly well retted. '1'he hemp at Clariuda was turned at this 
time. On Nov. 4 the hemp at Sioux Rapids and at Onawa still 
showed practically no retting. By Nov. 15 the hemp at Clarinda 
was well retted and was picked up, bound and shocked. At 
Onawa and Sioux Rapids the hemp was only slightly retted, the 
color being a bleached brown. On Dec. 1 it was decided that 
the remaining hemp should be picked up, bound and removed 
from all fields because by that tinle temperatures were suf-
fiCiently low that no further retting would occur. Yields of 
straw were satisfactory, with a production of at least 3 tons of 
dry straw per acre at all three locations. 
Examination of the straw, which was hauled to the Boone 
hemp mill for fiber separation, showed that the Clarinda hemp 
was well retted, whereas the hemp from Sioux Rapids and 
Onawa appeared to be retted but little. The Sioux Rapids hemp, 
however, was ideal in size from the milling standpoint. Stalks 
were uniform in length, from 6 to 8 feet, and sl~llder in diame-
ter, from 1,4 to % inch near the base. l\'luch of this material was 
saved for controlled retting experiments. 
Data on precipitation for the autumn months at Clarinda, 
Onawa, Sioux Rapids and Ames are given in table 3. '1'he num-
ber of days on which 0.01 inch or more of rain fell after the 
hemp was harvested is given in table 4. 
It is to be noted that the total autumn precipitation in 1943 
at Clarinda and Sioux Rapids, while much less than normal, was 
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TABLE 3. PRECIPITATION IN INCHES DURING AUTUMN MONTHS OF 1943 
AND NOR1I1AIJ PRECIPITATION AT THREE LOCATIONS IN 
WESTERN lOW A AND AT AMES. 
Month 
Sept. 1·20 •.•...••..•.. 
Sept. 20·30· .••..•...•. 
September total ........ . 
September normal ...... . 
October total •.......... 
October normal ........ . 
November total ........ . 
November normal ......• 
Autumn 1943 .......... . 
Autumn normal ........ . 
Percent of normal 
Autumn 1943 •.......... 
I Clarinda 
1.53 
1.12 
2.65 
4.58 
1.08 
2.85 
0.32 
1.76 
4.05 
9.19 
44 
Onawa 
0.32 
0.02 
0.34 
3.75 
0.91 
2.06 
0.63 
1.58 
1.88 
7.39 
25. 
Sioux 
Rapids 
1.62 
0.05 
1.67 
3.80 
1.78 
1.85 
0.81 
1.40 
4.26 
7.05 
60 
Ames 
2.38 
1.10 
3.48 
4.32 
0.99 
2.62 
0.55 
1.53 
5.02 
8.47 
59 
• Hemp harvested at Clarmda. Onawa and Sioux Rapids between Sept. 20 and 28. 
Rainfall before that period not effective in retting. ~ 
TABLE 4. NUlI1BER OF DAYS WITH 0.01 INCH OR MORE OF PRECIPITA· 
TION IN THE AU'TUMN OF 1943 AND NORMAL NUMBER AT 
THREE LOCATIONS IN WESTERN IOWA AND AT AMES. 
Sioux 
Month Clarinda Onawa Rapids Ames 
Sept. 20·30 ................... 4 1 1 1 
September total 11 4 - 8 7 ............... 
September normal ............. 8 8 8 8 
October total ................. 6 6 5 6 
October normal .............. . 7 6 6 7 
November total '0 ••••••••••••• 4 5 4 5 
November normal ............. 5 6 5 5 
Autumn totol ................. 21 15 17 18 
Autumn normal ............... 20 20 18 20 
not appreciably different from that in the northwestern portion 
of the commercial hemp area (Algona, Britt and Humboldt). 
Retting conditions were fairly satisfactory at Clarinda, however, 
,relatively poor at Algona and Humboldt, and very poor at Sioux' 
Rapids. 
At Onawa, rainfall was extremely light, being only 25 percent 
of normal for the three autumn months. In spite of this, how-
ever, retting of the hemp was slightly better than it was at 
Sioux Rapids where more than twice as much rain fell during 
the autumn period. September rainfall was of little value for ret-
ting either at Sioux Rapids or Onawa, for the hemp was cut late 
in the month and practically no rain fell during the remainder of 
that month. At Clarinda the hemp had the benefit of four rains 
with a total of 1.12 inches of rainfall in September after the 
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hemp was harvested. This was evidently effective in promoting 
retting, probably because of the higher temperatures in Septem-
ber than prevailed later on in the season. It was evident that 
total precipitation alone would be a poor basis for prediction of 
likelihood of completion of retting. 
RETTING OF COMMERCIAL HEMP IN 1944 
OBSERV ATIONS 
While hemp ret ted poorly in most of the mill areas in 1943, 
conditions were somewhat more favorable in 1944. The com-
mercial acreage was grown primarily in five mill areas, centered 
round Britt, Eagle Grove, Hampton, Grundy Center and Traer. 
(Fig. 5.) Harvesting was started about Sept. 1 and was com-
pleted about Sept. 30. Much of the hemp was cut by Sept. 25 or 
earlier. There was not much improvement as to height of cut-
ting, and in general the stubble left was longer than necessary. 
The design .. of the harvesters is such, however, that unless the 
ground is smooth it is not easy to cut the straw close. 
Hemp cut early, for the most part, retted rapidly and some 
of it became over-retted before it was picked up, shocked and 
stacked. A considerable amount of weak fiber was obtained from 
this hemp. Turning was practiced more generally than in 1943. 
The hemp that was harvested late in September did not ret well, 
and a considerable acreage of such hemp remained in the shock 
or on the ground under the snow until about March 1. Although 
poorly retted, the late-cut hemp was in general much better in 
fiber strength than that cut early. 
RAINFALL 
Autumn rainfall records from the United States 'Weather 
Bureau for a number of stations in or near the hemp growing 
areas are given in table 5. By comparing these data with those in 
table 1, it will be seen that the total precipitation during Sep-
tember and October in 1944 was not greater and in some in-
stances was less than that which fell in 1943, yet hemp retting 
proceeded much more rapidly. Further inquiry into the weather 
records; however, shows that especially in September the distri-
bution of rainfall, the higher temperature and higher percentage 
of cloudiness provided conditions much more suitable for retting 
than were present in 1943. Table 6 shows that the number of 
cloudy and partly cloudy days in September 1944 was consider-
ably greater than in 1943. 'l'his is undoubtedly of importance 
in making the same amount of rain more effective in retting 
hemp. The humidity of the air also was more favorable in 1944. 
The average relative humidity for the state of Iowa in Sep-
tember 1944 (12 :30 p.m. reading) was 61 percent as compared 
with 53 percent in September 1943. 
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FIELD RET'l'ING STUDIES 
The conclusions that could be reached from observation of the 
process of retting· in the field would have certain limitations 
unless the principles and factors involved were known. In order 
bettcr to understand the requirements for satisfactory field,ret-
ting, extensive investigations were carried out having as their 
main object the study of the relationship between climatic COll-
ditions and the progress of retting. 
DESCRIPTION AND NATURE OF EXPERDIENTS 
. One area on the campus, south of the agronomy greenhouse, 
and two areas at the Agronomy Farm were selected for field 
retting investigations. Since there was 110 stubble at the first 
site, hemp was spread on wires at about the same distance above 
the ground as if it had been on short stubble. Stecl wire of 14 
gauge was strung on stakes in a manner such that two sets of 
four wires 25 feet long were separated by 2% feet, the wires in 
each set being 2 feet apart. The supporting stakes, extending 2 
to 3 inches above the bare ground, were spaced at 6-foot intervals. 
Freshly-cut hemp of about average height and stem diameter, 
selected for reasonable uniformity, was placed on the wires in 
TABLE 5. PRECIPITATION IN INCHES AT SEVERAL LOCATIONS IN THE 
IOWA HE~IP AI{EA IN 'fHE AUTUMN OF 1944 AND NOR~IAL 
PRECIPITATION 1>'OR THAT PERIOD. 
Peritd Britt \ Grundy \ Clarion Center Toledo AmeF. 
Septemher total ................. 1 2.41 1.46 2.57 2.13 2.23 
September norma] •....•....••••. 3.99 4.15 4.41 4.76 4.32 
Octo her total .0 •••••••• 1 0.55 0.52 0.71 0.57 0.89 
October normal ................. 2.18 2.20 2.06 2.53 2.62 
November totnl .......... 1.52 0.46 1.28 1.74 0.92 
NO"emher normal ............... 1.55 1.80 1.81 1.89 1.53 
Autumn 1944 ......... ....... . 4.48 2.44 4.56 4.44 4.04 
Autumn normal ................ 7.96 8.15 8.88 9.18 8.47 
Percent of normal 
Autumn 1944 .................. 56 30 51 48 48 
TABLE 6. NUMBER OF CLOUDY AND PARTLi CLOUDY DAYS IN SEl'TE~I· 
HER 1943 AND 1944 AT SEVERAl, WBATHER STATIONS IN TH~; 
IOWA HEMP AREA. 
Period I Britt I bra.on /1 Iowa Humboldt I City Falls iGrundY\ \ Center Toledo Ames 
September 1943 I 
\ I I I \ I ·· .. ···1 
14 13 14 18 14 14 14 
September 1944 .. ... 19 14 18 21 21 19 22 
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Fig. 6. Hand turning of retting hemp on experimental plots. 
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sections each 3 feet in width on Sept. 10, 1943. Each section 
was separated by buffer strips consisting of hemp spread at a 
normal rate. Sections 1, 2 and 3 were spread with hemp at nor-
mal, double normal, and one-half normal rates respectively. 
(Fig.7.) The normal rate was based 011 an average stand count 
of 12 to 13 plants per square foot. A harvester cutting an 8-foot 
swath in such a stand would spread approximately 3pO stalks 
per yard (25 feet X 12.5 plants per square foot). 
All the hemp was supported at a height of 2 inches from the 
ground on the wires when loaded, except ill sections 6 and 8. 
'fhe hemp in section 6 was spread directly on the ground, while 
that in section 8 was supported on wires 6 inches from the 
ground. Border sections and buffer sections were at the same 
height as the adjacent experimental sections. (Fig. 8.) Only 
the hemp in section 7, which was reserved' for sampling pur-
poses, was turned. Section 4 was sprinkled every other day at 
4 :00 p.m., and section 5 was well wetted twice a day, at 8 :00 
a.m. and 4 :00 p.m., each time with 8 liters of tap water. The area 
sprinkled was approximately 3 feet X 8 feet. . 
The progress of retting as influenced by depth of straw and 
turning was studied also at the Agronomy Farm sites, where 
hemp of average height was cut 1 inch above the ground and 
laid down in 6-foot sections. The hemp was spread at one-half 
normal, normal and double normal rates. The latter two rates 
of spread were duplicated; one set was left undisturbed, while 
Fig. 8. Experimental hemp·retting lIrea (campus site). 
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the other was turned several times during the progress of retting. 
READINGS TAKEN AND EQUIPMENT USED 
'l'he relationship between climatic conditions and progress of 
retting was followed only on the hemp on the campus site. In 
ordcr to follow changes in the moisture content of the hemp at 
differcnt depths in the swath, "sampling" bundles of hemp 
straw 30 inches long, and ranging in known weights from 50 to 
70 grams on an qven-dry basis, were placed on top of three sec-
tions of hemp spread at one-half normal, normal and double 
normal rates. (Sections 1, 2 and 3.) In addition, similar bun-
dles were inserted in thc bottom position of the sections of hemp 
spread at normal and double normal rate (sections 1 and 2) and 
in the middle of the latter. Each position in each section was 
represented by four bundles. Two of the four bundles were 
ovcn-dried before placing in the different sections. 'The other 
two were initially grcen and full of sap. At frequent intervals 
these "sampling" bundles were taken from their positions with 
thc least amount of disturbance possible and were weighed to the 
closest one-hundredth of a gram on a Toledo balance to deter-
mine changes in moisture content as affected by climatic con-
ditions. 'l'he weighings were made often several times a day 
from mid-September until Dec. 6, 1943. The bundles wcre 
tagged so that they could be replaced in the identical position 
and section from which they had been removed for weighing. 
At intervals during the progrcss of retting, the bundles were 
tcmporarily removed and dricd in an oven to take into account 
changes in base weight due to rctting. 
A continuous record of the air temperature and relative hu-
midity was obtaincd by the use of a recording hygrothermograph 
placed at the samc level as the hemp. (Fig.8.) The amount and 
distribution of precipitation was followed by the use of a record-
ing rain gauge. The diurnal fluctuations in the temperaturc of 
the hemp were followed by placing thermometers in hollowed 
hemp stalks placed in the top layer of the hemp that was spread 
at 'one-half ilOrmal, double normal and normal rates (sections 3, 
2 and 1) and in the bottom laycr of that spread at double normal 
and normal·rates (sections 2 anll1). 
'l'hc moisture content of the air directly above and below the 
hcmp durillg several typical fall days was determined by a 
pump hygromctcr (made by \Vallace and Ticrnan Products 
Inc. for the: Soil Conservation Servicc). 'fhe Schwartz tubes of 
dehydrated :aluminum oxide used in this equipmcnt for absorb-
ing the moisture from the air were removed and weighed on an 
analytical balanec just before and after the interval of sampling. 
Daily observations of the amount of sunshine and occurrence 
of dew were recorded. Clear, partly cloudy and cloudy are 
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terms used in this text to indicate conditions in which the sun 
was visible 75 to 100 percent, 25 to 75 percent, and less than 
25 percent of the time, respectively. The hours recorded in the 
graphs are Central War Time. 
MOISTURE CONTENT OF HEMP STALKS IN RELATION 
TO ENVIRONMENTAL CONDITIONS 
The study of the relationship between climatic conditions and 
progress of retting was primarily an investigation of the mois-
ture and temperature of the retting hemp. Since hemp spread in 
the field has been observed to ret more rapidly on the top than 
the bottom, a study of the moisture content of hemp at various 
positions in the swath was made. Average moisture content of 
two bundles of hemp, placed in various positions in the hemp 
spread at the three different rates on fairly typical fall days, is 
shown in figs. 9 to 14. 
Moisture content of the hemp on Sept. 23, 24 and 25, as shown 
in fig. 9, varied considerably between the top and bottom posi-
tion. For example, because of deposition of dew the moisture 
content of hemp in the top position of that spread at the normal 
rate was 21.9 and 22.7 percent on an oven-dry basis at 8 :00 a.m. 
on Sept. 23 and 25, respectively; whereas hemp on the bottom 
held 15.5 and 13.4 percent moisture, respectively. Hemp spread 
at double normal rate showed the same trend, that is that hemp 
in the top of the swath was considerably more moist than that on 
the bottom in the mornings following high humidity during the 
night. That moisture deposition during the nights on the top 
layer of hemp was considerable is shown by comparing the 
moisture content of hemp at 8 :00 a.m. with that at 10 :00 a.m. 
(Fig. 9-Sept. 23.) It was observed repeatedly that by the 
latter hour moisture on the surface of the hemp deposited by 
dew or frost usually had just disappeared. 
On mornings following nights during which no dew or frost 
was deposited, the moisture content of the hemp on the bottom 
was the highest, just the reverse of what happened on dewy or 
frosty mornings, as was brought out on the dew-free morning of 
Sept. 24 when the percentage of moisture of hemp spread at 
normal rate was 11.7 on top as compared to 12.6 percent on the 
bottom. The hemp spread at double the normal rate at the same 
time held 11.1 and 13.6 percent on the top and bottom, respec-
tively. 
Considerable loss of moisture in the hemp ordinarily occurred 
during the day. By 4 :00 p.m. when the weather was clear and 
warm, the moisture content of top hemp dropped to between 4 
and 5 percent, regardless of the amount it contained in the 
morning or of the depth of the hemp. For example, the top 
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00 
c:1l 
o 
~ 
I 
1 
.E 
~ 
j 0 
I 
Mi:lt. 
• 
Section 1 
Nor",al Rate 
~Section2 
Il:l3 DoubleNorHtal 
UIl SCCtions Ort&Half Nor",.1 
T- Top 
!.i-Middle 
B -Bott.m 
1 
Mi:I't. 
1 
I 
8 
I I 
SEPt 30.19+; 
(---...... '---,,;~&,.--_/ V 
1-1.10 P,.~Clfl-l 
Tid flu",. af Ai~ 
I 
IUt. 
70 
~ /Q ~ =---'---"'---'----'---'----'----'---'----'---"----'---""---'----'---'----'-----~ ::s 
Fig. 10, Relative humidity and temperature of air, and moisture content percent at various positions in hemp 
spread at three rates, Rainstorm followed 1 day Ister by warm, clear weather, 
00 
01 
I-" 
852 
hemp at 8 :00 a.m. on Sept. 23 (fig. 9) held 21.9 percent moisture 
and by 4 :00 p.m. only 4.9 percent. On Sept. 25 moisture of the 
top layer of the hemp spread at a normal rate dropped 18 per-
cent between 8 :00 a.m. and 4 :00 p.m. The moisture content of 
hemp in the middle of the swath of hemp spread at double the 
normal rate was lowest in the morning and intermediate in the 
afternoon in all instances. The moisture content of hemp at the 
bottom of the swath showed the least fluctuation but under sim-
ilar circumstances was always lower at 4 :00 p.m. than in the 
morning. 
The line graphs on the lower half of figs. 9 to 13 show that 
when the days were warm with low relative humidity (20-30 per-
cent) and the evenings cool, with high relative humidity (90-100 
percent) during the night, the fluctuations in the moisture 
content of the hemp were greatest. ·Wide diurnal variations in 
temperature and humidity are typical of fall weather in Iowa. 
The influence of rain on the moisture content of hemp is 
shown in fig. 10. Even though the precipitation of 1.10 inches 
during the early morning of Sept. 30 must have been enough 
to saturate the hemp, by 4 :00 p.m. the moisture content had 
dropped to 21-25 percent in the top layers. At this time the 
hemp on the bottom held from 1% to 2 times as much moisture, 
and that spread at the greatest depth held the most. It appears 
that the most pronounced benefit of the rain in promoting ret-
ting would be exerted on the hemp in the bottom part of the 
swath where drying was less rapid. The moisture content of the 
top hemp 1 day after the rain, though averaging 23-24 percent 
at 8 :00 a.m., dropped to about one quarter of that amount by 
4 :00 p.m. The bottom hemp, which held about 35 percent mois-
ture at 8 :00 a.m., dropped to about one-third of that amount by 
4 :00 p.m. 'rhe low relative humidity of 20 percent and the warm 
temperature were responsible for this change. Less than 30 
hours after precipitation ceased, therefore, the hemp straw was 
again down to a low moisture content throughout its whole depth. 
In order to determine how long a period elapses before thc 
moisture relationships of the green hemp become similar to thosc 
of hemp which has been dried out, a duplicated set of freshly 
cut green hemp bundles was placed in a position adjaccnt to the 
ovcn-dry ones in the various sections. 'rhe oven-dry wcight of 
the green bundlcs was determined later. The average moisture 
content of the bundles from each set for Oct. 2 and 3 at 8 :00 and 
10 :00 a.m. and 4 :00 and 8 :30 p.m. is shown in fig. 11 along with 
the air tempcrature and relative humidity. On these typical fall 
days when the sky was clear and dew was deposited at night, 
there was no significant difference in the moisture sorption or 
desorption of the hemp due to previous drying. It can therefore 
be presumed that immediately after cutting, the moisture rela-
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tionships of the hemp straw will be similar to those. occurring 
later when drying out has occurred_ 
Since the hemp usually increased considerably in moisture 
content during the night, weighings were made at 8 :30 p.m. to 
gain some information as to when sorption ordinarily com-
menced. Figure 11 indicates that in October the top hemp began 
to pick up moisture prior to 8 :30 p.m. and that this coincided 
with the large increase in relative humidity tIl/it occurred at 
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nightfall. The wide diurnal moisture fluctuations of the hemp 
on Oct. 2 and 3, illustrated in fig. 11, followed the usual trends 
exhibited on typical clear fall days, as previously pointed out. 
For example, the moisture content of the top hemp at 8 :00 a.m. 
on Oct. 3 was between 29 and 34 percent, whereas the bottom 
hemp' held about 15 percent. By 4 :00 p.m. the top hemp had 
dropped in moisture content to about 5 percent and bottom 
hemp to 10 percent. 
The influence of rool days during' which the temperature 
fluctuated but little and no dew or frost deposition took place 
during the night is brought out in figs. 10 and 13. The diurnal 
fluctuations in the moisture content on Oct. 15, 16, 23 and 24 
were small, and the percentage of moisture in the straw varied 
only 7 to 9 percent or less from 8 :00 a.m. to 4 :00 p.m. for the 
top hemp and 5 percent or less for the bottom hemp. At no time 
did the moisture content go above 19 percent. In fig. 12 contrast 
is provided by Oct. 17 when there was a light frost, and in fig. 13 
by Oct. 22 when a heavy dew occurred. It may be seen that the 
changes in moisture content during cool days and cooler nights 
accompanied by frost or dew (fig. 14) follow the trend deter-
mined previously for warm days and cool nights accompanied 
by dew. 'l'he amplitude of the diurnal moisture fluctuation is not 
so great, however, mainlY because the straw does not reach such 
a low moisture content in the afternoon. 
In order better to understand some of the reasons for the 
differences in moisture content of the hemp at the top and bot-
tom of the swath and for the rapid changes occurring during the 
day at these positions, the moisture content of the air 1 inch 
above and 1 inch below the hemp spread at double normal rate 
was determined by means of a pump hygrometer. On Nov. 19 
and 22 the actual moisture content of the air at the two positions 
in the section of hemp spread at double the normal rate was 
taken for several I-hour periods during the day. Figure 15 
shows the milligrams of water per litcr of air plotted with th!J 
relative humidity and the moisture content of hemp in different 
sections at 9 :00 a.m. and 4 :00 p.m. Only once (between 10 and 
11 a.m. on Nov. 22) did the moisture content of the air above 
the hemp exceed that below. The exception is probably due to 
the remaining influence of the moisture from the melted frost, 
since it was observed that on this day the frost, which usually 
melted and evaporated between 8 :30 and 9 :30, remained until 
10 :00 a.m. The superficial moisture on the hemp disappeared 
much earlier on the 19th because of a clearer sky. Some climato-
logical data for this period are given in table 7. The actual 
moisture content of the air both above 'and below the hemp in 
all cases decreased until 5 :00 p.m. after a peak just before noon. 
On a number of other days pump hygrometer measurements 
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were taken for 2-hour periods in the morning and afternoon 
above and below the hemp (figs. 16 and 17). At almost every 
sampling period the moisture content of the air below the hemp 
was greater than that above. In general, however, the difference 
in the moisture content of the air at the two positions was slight. 
These figures make it clear that relative humidity of the air is 
not a complete expression of its moisture content though often 
loosely considered to be so. For example (fig. 17), the moisture 
content of the air on Oct. 29 did liot change much during the 
day, but the relative humidity fell from 100 percent to 25 
percent. 
TEMPERATURE OF HEMP STALKS IN RELATION TO 
ENVIRONMENTAL CONDITIONS 
Since temperature is known to have a marked effect on the 
rate of biological processes, the actual temperature of the hemp 
stalks was determined at least twice daily thronghout the experi-
mental period. As would be expected the hemp temperatures 
followed the air temperatures fair1y closely, and because the 
diurnal changes in air temperature in the fall are often great, 
the hemp temperatures likewise fluctuated considerably. The fol-
lowing ~eneral observations were made from an examination of 
the complete data, which will not be presented in detail. 'l'rends 
are indicated in table 7. 
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TABLE 7. TRENDS IN TEMPERATURE DIFFERENCES AT VARIOUS POSI. 
TIONS IN THE HEMP IN COMPARISON TO AIR TEMPERATURE. 
Date 
Sept. 
23 
24 
25 
27 
28 
29 
30 
Oct. 
1 
2 
S 
15 
16 
17 
22 
23 
24 
Nov. 
1 
2 
s 
19 
22 
Temperature of 
air, and top and 
bottom hemp spread 
at normal rate 
S·OOam 14·00pm 
A>B>T T>B>A' 
T=B>A T>B>A 
A>B>T T>B>A 
A>B>T T>B>A 
B>A>T T>B>A 
B>T>A T>B>A 
T=B=A T-B>A 
T>A>B T>B>A 
A>T=B T>B>A 
B>A>T T>B>A 
A>B>T T>A>B 
A>T>B 
T>A>B A>T=B 
A>B>T 'T>B>A 
A>B>T A>B>T 
A>B>T .... 
9:008.m. 
A>T>B 
A>T>B 
A>T=B 
T>ji>A T>B>A T>B>A 
A>T>B A>T>B 
Temperature of 
bottom hemp 
spread at normal 
and double 
normal rate 
I S ·00" m I 4 ·00 p m 
N=D N-D 
N>D N>D 
N=D D>N 
N-D D>N 
D>N N>D 
D>N N=D 
N>D N=D 
N=D N>D 
D>N N=D 
D>N N>D 
N-D N>D 
N>D 
D>N N=D 
N=D D>N 
N=D N>D 
.. N>D 
N>D N>D 
N=D 
D>N D>N 
N=D N>D 
Dew 
or 
frost 
+ 0 
+ 
+ 
+ 
+ 
0 
0 
+ 
+ 
0 
0 
+ 
-I-
0 
0 
+ 
+ 
+ 
+ 
+ 
I Sunshine 
C 
PCI 
0 
PC! 
C! 
POI 
C! 
PC! 
0 
C 
Cl 
0 
0 
0 
Cl 
01 
PC! 
POI 
C! 
0 
PCl 
A=Air 
T=Tophemp 
N = Normal . 0 = Clear + = Dew or frost 
D = Double normal Cl = Cloudy 0 = No dew or frost 
B = Bottom hemp PCI = Partly cloudy 
Differences between the air temperature and that of the hemp 
were least acute in the early morning. The average difference, 
usually between 20 and 5° F., was about the same for either the 
top or bottom of the swath. The divergence at 8 :00 a.m. was not 
consistently in one direction. For example, in the last week of 
September the air temperature was lower than that of the hemp 
on three mornings, higher on three mornings and intermediate 
between that of the top and bottom hemp on the remaining 
morning. The same was observed throughout much of October, 
but in November on cool, cloudy or partly cloudy days following 
cold nights, the morning air temperature was always greater 
than that of the hemp. 
In the afternoons during September and October much greater 
differences between air temperature and he~p temperature were 
usually found, the temperature of the top hemp at 4 :00 p.m. 
almost always being above that of the air. The range observed 
was from 26.0° to 0.2° F. with a median falling between 5° and 
10° F. The bottom hemp, too, at 4 :00 p.m. was usually warmer 
than the air. In this case the range was lower, 11.8° tOI1.0° F. 
with median between 2° and 6° F. In November the air tem-
perature in the afternoon sometimes was greater than that of 
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the hemp, and even if the reverse was the ease the difference was 
usually decidedly less than in the previous months. 
Within the swath the temperature differences' between top and 
bottom were not usually great. For those days in September and 
October when dew or frost occurred during the night the 8 :00 
a.m. temperature· of the hemp was higher in the bottom of the 
swath. ·When dew or frost was not noticed no consistent diver-
gence occurred. Usually the temperature difference between top 
and bottom of hemp spread at the normal rate was only 20 _3 0 F. 
By 4 :00 p.m. the top hemp was almost invariably warmer than 
bottom hemp, the difference varying considerably with sunRhine 
and wind. Divergences as great as 25 0 F. and as small as 1° 
were recorded, with the median falling between 20 and 7°. 
Ordinarily a rapid rise in the temperature of the top hemp 
occurred between 8 :00 a.m. and 10 :00 a.m. with that of the 
bottom following not far behind. On clear days, even after cold 
nights accompanied by light frost, the top hemp by 10 :00 a.m. 
had usually reached a temperature that would permit biological 
activity to take place. For example, on Sept. 17 at 8 :00 a.m. and 
10 :00 a.m., respectively, the temperature of the top of the hemp 
was 37° and 79° F., and at the bottom of that spread at the nor-
mal rate, 46° and 63° F. On Sept. 20 the temperature change at 
the top for the same interval was from 30 0 to 70° F. On cloudy 
days the morning rise in temperature was less rapid, and more 
directly related to the air temperature. 
The depth to which the hemp was spread had no appreciable 
influence on the temperature in the top layer, as might be ex-
pected. Moreover, only comparatively small differences of from 
1 ° to 8° F. were found in hemp at the bottom positions. Tem-
perature changes in either direction were in general somewhat 
slower at the bottom of the hemp spread at the double rate, with 
the result that the maxima and minima were usually a few de-
grees lower or higher than in that spread at the normal rate. 
For example, out of 19 readings at 4 :00 p.m. the temperature of 
the bottom hemp spread at the normal rate was higher than or 
equal to that spread at the double rate on 14 occasions. 
EFFECT OF DEPTH OF STRAW 
Since the biological retting of hemp is dependent upon proper 
moisture and temperature conditions and since, as previously 
shown, the effects of moisture and temperature changes are by 
no means uniform throughout the hemp, careful observations 
were made of the progress of rctting in hemp spread to differeilt 
depths. These observations were made both 011 hemp placed on 
wires and on short stubble. The hemp was spread at three rates, 
normal, twicc normal and one-half normal. At both sites the 
-I 
Sec. I 
No. 
1 ! 
2 I 
3 
I 
4 
, 
5 
6 I 
I 
I 
7 
I 
8 I 
Depth 
of 
hemp 
Normal 
rate* 
Double 
rate 
Half 
rate 
Normal 
rate 
Normal 
rate 
Normal 
rate 
Normal 
rate 
TABLE 8. PROGRESS OF HEMP RETTING UNDER FIELD CONDITIONS-AMES, 1943. 
(Campus site) 
Loss of I Condition of the hemp 
1 Height I Date green color Treatment above expo I First fungal \ Definite Pronounced Darkened 
of hemp ground begun Top Bottom I appearance attack attack stems I 
I 
1 
Unturned 12" above 9·10 9·16 10·7 
I 
9·18 9·20 9·29 10·1 
ground 
Untumed 12" above 9·10 9·16 10·15 I 9·18 
1 
9·20 I 9·29 10·1 ground I 
I 
Unlurned 1 2"above"1 9·10 9·14 9·28 I 
9·18 I 9·20 I 9·29 10·1 ground 
I 
Sprinkled 2" above 9·1] 9·16 10·7 9·17 
I 
9·20 9·30 10·1 
about every ground 
other day. 
Unturned 
Sprinkled 2" above 9·11 9·17 10·2 
I 
9·20 9·20 9·28 9·30 
I 
twice daily. ground 
Unturned 
Unturned On 
1 
9·11 
I 
9·15 10-5 I 9·20 I 9·20 I 9·23 
9·28 
ground I 
I 
I 
Complete ret 
Top Bottom 
10·30 11·15 
11·7 
10·20 10·28 
10·9 10·15 
10·9 10·15 
10·18 10·20 
(For sam· 2" aho\·c 9·15 9·28 10·5 I 10·1 10·7 1-"" .11·10 Unretted by 12·8 pIing.) ground I Turned frequently I 
I 
I I I Iunretted by 12·20 Normal I Unturned 1 6"ahm I 9·23 9·30 10·5 10·1 10·7 10·13 11·10 ra.te puno.l~ 
100 .talks per fool. 
-
00 
cr" 
l'o:l 
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straw as a whole was observed to ret progressively more slowly 
as the depth of straw increased (tables 8 and 9). The differences 
were more pronounced at the bottom of the swath. The top layer 
of hemp, spread at the normal rate, was judged to be completely 
retted 10 days later than that spread at half rate, and 8 days 
earlier than that spread at double rate (table 8; sections 1, 2 
and 3) ; whereas bottom hemp in the section spread at the nor-
mal rate took 18 days longer to ret than that in the section half 
as deep. The hemp on the bottom at double depth did not ret 
completely. The trend was the same at the Agronomy Farm 
site (table 9; sections 1, 2 and 3). Although the top layer of 
hemp on the sections spread at different depths there retted at 
about the same time, the rate of ret on the bottom was slowed 
down considerably by increasing the depth of straw. It can be 
concluded that the retting of the hemp from a heavy stand will 
take longer than that from a thin stand. 
EFFECT OF TURNING 
Field observations which indicated that hemp retted more 
rapidly on the top than the bottom led to the study of the effect 
of frequent turning in order to expose all the hemp to what 
seemed to be the most favorable retting position. Hemp spread 
at a normal rate and several times turned retted completely 
throughout 9 days earlier than that unturned (table 9). The 
influence of depth of hemp on the progress of re'tting was much 
less pronounced when turning was practiced, for the turned 
hemp spread at double the normal rate retted throughout as 
rapidly as the unturned hemp spread at the normal rate, and 
only 9 days later than turned hemp spread at a normal rate. 
The bottom part of unturned hemp spread at the double rate 
never completely retted. 'Where hemp was spread at the normal 
rate directly on the ground, and on stubble 3 and 6 inches 
above the ground at another site, the retting in the turned sec-
tions, although not completed in the fall because of the late date 
of beginning the experiment, had progressed further than that in 
the unturned sections. It was evident from these experiments 
and from many field observations that when the moisture supply 
is limited, turning the hemp hastens the date of completion of 
retting, as well as promotes uniformity. 
EFFECT OF STAGE OF MATURITY 
The usual time of cutting hemp is when the plant 1S 111 the 
full-bloom stage or shortly thereafter, Because of lack of ade-
quate moisture in 1943, much of the hemp did not completely 
ret when cut at this stage. A study was therefore made in the 
following year to determine the influence of cutting dates, or 
TABLE 9. PROGRESS OF HE~IP RETTING UNDER FIELD CONDITIONS - AMES, 1943. 
(Agronomy Farm Site) 
-- -- ---- -- ----
I Depth I Heig'ht Date I Loss of I No. of Treatment above expo green color I First fungal I Definite Sec. hemp of hemp ground begun Top I Bottom appearance I attack 
I I 
1 
I 
Hnlf Un turned 1"-2" 9-9 9-15 10-8 9·18 9-20 
normal above 
rate ground 
on short 
stubble I I 
I 
I 
I 
\ 
Unturned 1"·2" 9·9 9-15 I 10-14 9·18 9·20 abo\"e ground I' 2 Normal on short I I rate· stubble I I I 
3 I Double Unturned 1' ... ·2" 9-9 I 9-15 I 10-14 9-18 
·1 
9·20 
rate above 
I 
ground I I on short I stubhle I I I I 
4 I Normal Turned 1"-2" 9-9 9-15 9-30 9-J,8 9,20 rate above 
I ground 
I 
on short 
stubble 
I i II I 
I 
5 Double 1"·2" 9-9 9·15 9-30 9-18 
I 
9-20 
rate above I 
ground 
I Turned on short I I I stubble i I I 
I I I I 6 I Normal Coarse 1"·2" 9-9 I 9-15 10-15 9-HI 9-20 rate hemp ahove I \ un turned ground on short I I I I stubble I , 
-Normal rate was 24 Ibs. green hemp spread on a seetion 6 feet wide. 
Numbers of stalks were 100-105 per foot. 
"* Ret very uneven on stalks. 
-
Conditio)) of the hemp 
Pronounced Darkened 
attack stems 
10·1 10·14 
10-1 
r 
10-1 10-14 
10-10 10,14 
9-20 10-14 
10-3 10,14 
- --
Complete ret 
Top I Bottom 
10-20 10-28 
10-22 I 11·16 
I 
10-22 I Unretted 
I' " n-" 
11-7 
I 
11-7 
I 
I 
11-16 11-16 
10-22 11-30"* 
I 
I 
00 
m 
H'-
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more correctly of stage of maturity, on the rate of retting. Hemp 
was cut Aug. 15 (just prior to blooming), Sept. 1 (early-bloom 
stage), Sept. 15 (late-bloom stage) and Oct. 1 (male plants 
beginning to die and female plants setting seed). A portion of 
the hemp cut at each date was spread out in the field to ret, and 
the remainder dried and stored. At each of the later dates a 
sample cut earlier was laid out at the same time in order to have 
a valid comparison under identical climatic conditions. 'fable 10 
records observations on the progress of retting of the hemp and 
time necessary for completion. The progress of retting of the 
hemp cut in August and September was influenced far more by 
the nature of the weather than by the stage of maturity. During 
this period moisture in the form of rain was quite plentiful, and 
was more influential than dew in retting. However, after Oct. 1, 
-there was very little rain and the hemp retted primarily as a 
result of dew. Comparing the retting of hemp cut at three stages 
of maturity all spread on Oct. 1, there is a clear indication that 
the more mature the hemp the less rapid the retting. 
In 1944 the male hemp plants began to die about Sept. 25, 
while the female plants remained green. It had previously been 
noticed that mature male plants began to ret sooner than green 
female plants, particularly when moisture was plentiful. Ac-
cordingly, two 3-foot sections of hemp; one having all male and 
the other all female plants cut on the same date, were spread on 
Oct. 7. Because of the dry weather, retting began slowly so that 
for completion it was necessary to leave the hemp in the field 
during the winter. Although in the early stages of retting the 
attack on the male plants appeared to be more pronounced than 
on female plants, as retting reached the final stages there was 
little difference in the time required. (Table 10.) 
HEIGHT SPREAD ABOVE GROUND 
There was great variation in the height at which the hemp 
was cut in the 1943 season. Observations indicated that hemp 
spread on stubble 6 to 10 inches above ground dried c;>ut more 
rapidly than that nearer to the ground. Since moisture usually 
is a limiting factor in retting during the fall in Iowa, an investi-' 
gation was begun to determine the influence of height of ·cutting 
and therefore the height above ground at which the hemp is 
spread. 
When spread at a normal rate, hemp that was directly on the 
ground did 110t ret at the same rate as if supported 2 or 6 inches 
above the ground. (Table 8.) Comparing retting dates for sec-
tions 1 and 6, the hemp 2 inches above the ground retted in 
66 days while that directly on the ground retted ill only 39 days. 
The hemp 6 inches aboye ground did not ret completely by l;\te 
December. Even though a comparison of the progress of retting 
Date of 
cutting 
8·15 
9·1 
9·15 
10·1 
8-;15 
9·1 
9-1 
9-15 
Male 
10·1 
Female 
10-1 
TABLE 10. PROGRESS OF RETTING AS AFFECTED BY STAGE OF M.ATURiTY OF HEM.P, AMEH, 1!.144. 
Date 
spread 
to ret 
8-15 
9·1 
9·15 
10·1 
9·1 
9·16 
10·1 
10-1 
10-7 
10-7 
Date 
turned 
9·4 
9·22 
9-30 
10·16 
9-22 
9-30 
10-16 
10-16 
10-25 
10·25 
Date 
removed 
9-22 
9·30 
10-5 
12-15 
9·28 
10·5 
11·9 
11-25 
2·14·45 
3·6·45 
. (Campus site) • 
Time 
to ret 
days 
36 
28 
19 
76 
26 
19. 
40 
56 
112 
132 
Lossin wt. 
due to Appearance 
retting of fungi 
% 
10.2- 8·25 
6.5 9·7 
5.4 9·19 
4.6 10·4 
7.4 9·4 
5.9 9·18 
6.1 10·3 
7.3 10·3 
6.0 10·13 
8.7 10-17 
Delinite 
attack 
8-26 
9-12 
9·24 
10-6 
9·6 
9-22 
10·4 
10·4 
10·17 
10·25 
Condition of the retting hemp 
Pronounced I Darkened IComPletely retted 
attack stems Top I Bottom 
8·28 8-29 9·10 9-22 
9·14 9'22 9-30 9-30 
9·27 9·30 10·4 10-5 
10·11 10-30 12-15 12·15 
9·14 9-20 9-28 9-28 
9·27 9·30 10·4 10·5 
10·4 10-15 10·16 11·9 
10-5 10·30 11·25 11-25 
10-25 11·25 I 2-14·45 2-14·45 
11-20 11·30 
I 
I 3·6·45 3-6-45 
~ The figures represent a'-eraI:'8 los8 of 4 bundles (2 in top and 2 in bottom position); positions of bundles were reversed at the time 
of turning the hemp. 
00 
0'> 
0'> 
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for the hemp spread at 2 and 6 inches above the ground may not 
be quite justifiable since the former was cut 13 days earlier than 
the latter, the hemp 6 inches high retted so slowly that some of 
the difference at lcast may be attributed to thc difference of 
height of cutting. The hemp spread 6 inches above the grounC!. 
took 48 days to reach the same "darkened stems" stage, compared 
to 21 days for that spread at a 2-inch hcight. 
At the Agronomy Farm site where hemp was cut and spread 
on stubble at ground level, and at 3 and 6 inches above the 
ground on Oct. 1, 1943, none of the material became completely 
retted by Dee. 6, but retting had progressed furthest when the 
hemp was spread on the shortest possible stubbles. 
SPRINKLING 
Green hemp spread at a normal rate and not turned was 
sprinkled with water twice a day in one section and once every 
other day in another in an attempt to determine the influence of 
rainfall on the biological decomposition and the retention of 
moisture. Each section of the hemp occupied an area 3 X 6 feet, 
or 18 square feet, and received 8 liters of water, which is equiva-
lent to 27.1 cubic inches per square foot, or slightly under 0.2 
inches of rain. 'fhe moisture content of the hemp was determined 
twice daily, at 8 :00 a.m. and 4 :00 p.m. just prior to sprinkling. 
(Figs. 18 and 19.) A comparison with the nnsprinkled hemp 
may be obtained by reference to figs. 9, 10 and 11, which also 
include air temperature and relative humidity readings for the 
same periods. 
'fhe effects of sprinkling were not as great as might have been 
expected, and were manifest mainly in a higher moisture level at 
e ... ,· 4P .... e~·", ·H". SEPT 23 SEPT. 24- SEPT 25 SEPT 27 SEPT 2B 
ISSocliOllS,G,telI Hemp, Top • S~lLon 5, Grun Hemp, &tlom 
}'ig. 18. Moisture content percent of top and bottom hemp spread at normal 
rate. Sample. taken at 8 :00 a.m. and 4 :00 p.m. immediately before sprinkling. 
(For air temperature and relative humidity See table 6.) 
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Fig. 19. Moisture content percellt of top and bottom hemp spread at normal 
rnte. Samples taken at 8 :00 n.m. and 4 :00 p.m. immediately before sprinkling. 
(Fur air temperature and relntiv,· humidity see tables 7 and 8.) 
the bottom of the hemp. On clear mornings following dew the 
moisture content of the hemp at the top was usually greater than 
that at the bottom, but at almost all other times and circumstan-
ces bottom hemp was considerably moister than that at the top, 
and substantially moister than that in a similar position in UI1-
sprinkled hemp. On clear days moisture was always rapidly lost 
from the top hemp, which despite sprinkling at 8 :00 a.m. was by 
4 :00 p.m. usually down to less than 20 percent moisture, but 
over 10 percent and commonly between 15 and 20 percent. 'l'his 
was a higher moisture content than in the top of ullsprinlded 
hemp, which on the same occasion at 4 ;00 p.m. fell to between 
5 and 10 pcrcent. The losses from the bottom hemp were far 
less rapid when sprinkling was practiced. This may be seen 
particularly clearly by comparing the data for Sept. 30 and 
Oct. 1 following a rainstorm early on the former date. (Figs. 10 
ana In.) By 4 :00 p.m. on Oct. 1, a bright warm day, the moi~­
ture' content of the unsprinkled hemp at the bottom position was 
12 percent while that of the sprinkled hemp was almost 40 
percent. 
Intermittent sprinkling at 4 ;00 p.m. on alternate days had 
only small effect in increasing' the general level of moisture con-
tent of the top hemp, but diel raise that of the bottom hemp 
above that found in ullsprinkled material. 
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Comparisons were made of the progress of retting i'n the 
sprinkled and un sprinkled sections. Sprinkling, even twice 
daily, made relatively little difference in the rate at which retting 
proeeeded at the top, but hastened considerably the retting at the 
bottom. For example, although retting at the top of unsprinkled 
hemp was well advanced 27 days after spreading, the bottom 
had undcrgone only slight flecking, whereas in a sprinkled sec-
tion retting' of that at the bottom, though not quite complete. 
was well advanced. Forty-nine days after spreading, the spl'in-
lded hemp wa~ judged to be well retted throughout, while the 
unsprinkled hemp was still far from uniform. 
LABORATORY STUDIES RELATING TO THE 
RETTING PIWCESS 
In parallel with the field rettillg studies and arising from 
them, comprehensive laboratory experimeuts were carried out on 
various phases of the retting process. These inc1 uded particu-
larly the investigation of the moisture relationships of the hemp 
stalk, the rate of sorption and desorption of water at various 
relative humidities, the minimum moisture content necessary for 
initiation and continuation of retting, and the examination of 
the active microbiological flora on retting' hemp. 
MOISTURE UPTAKE BY HRMP AT CONSTAN'l' 
RELATIVE lWl\UDITIES 
Plant m~terials, once dried, are markedly hygroscopie and 
readily absorb moisture from the air. The relative humidity of 
the air fluctuates widely in the fall and through its effects on 
absorption or loss of moisture from the hemp straw may be an 
important factor in retting of hemp. In order more clearly to 
define the influence of humidity upon the moisture relationships 
of hemp, an investigation was commenced to study the uptake of 
moisture by ullretted and partly retted hemp when exposed to 
various eonstant relative humidities ranging from 20 to 100 
percent. Hemp samples were taken at four stages (a) grecn, 
(b) sun-bleached, by exposure for 14 days with frequent turning, 
(c) slightly rctted, by exposure in the field for 23 days, (d) al-
most completely retted, by exposure in the field for 70 days. 
Pieees of hemp 11;2 inches long were cut from each of the 
samples. One pieee from each of six ayerage sized stalks was 
cut by rotating the hemp against the edge of a razor blade. The 
pieces were placed in a desiecator over CaCb for 120 hours, 
weighed, and the ends then sealed with wax in order that mois-
ture changes should be aceomplished through the epidermis as 
would be the case with long hemp stnbbles. 'l'he samples were 
reweighed after a further period in the dcsiecator. They were 
then placed in elosed containers over sulfuric acid solutions cal-
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culated to produce atm~spheres of known relative humidity. and 
wel.'e weighed every 12 hours for the first 96 hours and every 24 
hours thereafter until the 10th day. 
'fhe sorption of moisture by the green, sun-bleached, partly 
and nearly retted hemp samples at various relative humidities 
for a period of 10 days is shown in figs. 20, 21, 22 and 23, respec-
tively. The rate of moisture sorption was rapid when the mois-
ture content of the hemp was low, as was initially the case, and 
when the atmosphere was saturated or nearly so. For example, 
during the first 12 hours at 100 percent relative humidity, green 
hemp increased in moisture content from 2.7 to 12.8 percent, 
partly retted hemp from 2.6 to 17.7 percent, and nearly retted 
hemp from 4.8 to 21.7 percent. At 80 percent relative humidity 
the increase in moisture content for the first 12 hours was much 
less, being 3.0, 5.61, 7.0 and 7.5 percent for green, sun-bleached, 
partly retted and nearly retted hemp, respectively. For the 
most part, the hemp, regardless of its previous history, gained 
moisture only slowly after the first 48 'hours if the relative 
humidity was 80 percent or below, but above this humidity the 
hemp continued to take up appreciable amounts of moisture for 
another day or so. The nearly retted hemp absorbed moisture 
more rapidly at the beginning and approached equilibrium 
sooner than the less retted or unretted hemp. Hemp in chambers 
at 90 percent relative humidity or below reached what might be 
considered near-equilibrium by the 5th day. Visible growth of 
fungi covered the hemp in the 95 and 100 percent relative hu-
midity chambers after 72 hours of exposure. This growth was 
great enough to cause the hemp to lose weight, which accounts 
tor the apparent moisture losses indicated by the 100 percent 
RH. moisture sorption curves after the 5th day. Another inter-
esting feature brought out by the sorption curves is the great 
difference in equilibrium moisture contents reached at humidi-
ties of 80 percent or below as compared to those above. For 
example (fig. 20), the 10-day equilibrium moisture contents of 
green hemp at 80, 90 and 95 percent R.H: were respectively 12.3, 
17.4 and 24.2 percent. The increments in the 5-day equilibrium 
moisture contents for each 10 percent increase in relative humid-
ity upwards from 40 percent R.B. were respectively 1.24, 1.28, 
2.21, 2.45, 5.11 and 13.28 percent. Only at high relative humidi-
ties therefore is it likely that the moisture content of hemp will 
become sufficiently great to permit microbiological activity to be 
initiated; 
Some of the data used in figs. 20, 21, 22 and 23 were replotted 
in fig. 24 in such a manner as to demonstrate the influence of 
stage of retting on the uptake of moisture at different relative 
humidities. The sorption curves for selected periods, namely 12, 
24, 48 and 120 hours, show that as retting progres'3ed so did the 
hygroscopicity of the hemp increase, with the result that the 
871 
Fig. 20. Absorption of moisture by green hemp at various relative humidities. 
3 ;?-
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HOURS. 
Fig. 21. Absorption of moisture by sun·bleached hemp at various relative 
humidities. 
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Fig. 22. Ahsorption of moisture hy partiy retted hemp at various relative 
humidities. (Hemp straw previously exposed 23 days in field.) 
mOl sture equilibrium values became greater. Another charac-
teristic brought out by these curves is the sharp rise in the 
moisture content of the hemp at humidities above 90 percent. 
MOISTURE DESORPTION 
\Vide diurnal fluctuations in the relative humidity of the 
atmosphere are characteristic of fall weather in Iowa. (For 
examples see figs. 9-] 2.) Often the relative humidity of the air 
reaches 90 to 100 percent by early evening, continues at that 
level until 7 :00 or 8 :00 a.m., and then steadily falls to a mini-
mum of about 30 percent by midafternoon. Because of these 
observations, studies were carried out on the rate of moisture 
loss from hemp when the relative humidity is changeel abruptly 
from a high level to a low level, and on the effect of progress of 
retting OIl moisture desorption. 
Hemp samples that had been sllbjeetf~d to constant relative 
humidities of 70, 80, 90, 95 and 100 percent for 10 days, and were 
presumably therefore in e(~uilibrium, were transferred to cham-
bers of 40 percent relative humidity over sulfuric acid of the 
appropriate density. Fungal growth was visible on all samples 
that had been exposed at 100 and 95 percent relative humidities. 
Moisture desorptioll was followed by weighing's made at l2-hour 
intervals for 5 clays. Rapid loss of moisture took plaee in the 
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Fig. 23. Ahsorption of moisture by nearly retted hemp nt various re1ntive 
humidities. (Hemp straw previously exposed 70 days in field.) 
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first 12 hours, particularly when the moisture level of the hemp 
was initially high and when the hemp supported an active fun-
gal growth. These data are summarized in fig. 22. Samples that 
initially had a moisture eon tent of 27.5 to 32.5 percent were re-
duced to about 11 percent in the first 12 hours. Because of net 
loss in sample weight caused by fungal activity during the ab-
sorption period, the final moisture equilibrium figures for this 
group as plotted are slightly lower than the true figures, and 
this accounts in pll;rt for the fact that all curves for one group 
of samples do 110t coincide at 120 hours. In part, however, this 
may be due to physical changes in the epidermis caused by the 
absorption. Samples which initially were exposed to 70 and 80 
percent relative humidities, and the moisture contents of which 
were not so high, lost water distinctly less rapidly in the first 
12 hours and even at 24 hours were frequently moister than 
those of the same source material that had originally acquired 
a higher initial moisture content. 
It was evident again that the progress of retting was accom-
panied by an increase in the hygroscopicity of the hemp, which 
was manifest in slightly higher equilibrium moisture contents at 
40 percent relative humidity. Equilibrium for the green, sun-
bleaehed, partly retted and nearly retted hemp was established 
between 5 and 6, 6 and 7, 7 and 8, and 9 and 10 percent, respec-
tively, for samples not extensively attacked by fungi during the 
moisture studies. 
CARBON DIOXIDE EVOLUTION AS INDEX OF INITIATION 
AND PROGRESS OF RETTING 
The retting of hemp is a microbiological process whereby the 
soft parenchyma tissues surrounding the' fiber bundles are uti-
lized with the liberation of water and carbon dioxide in addition 
to other products. 'l'he rate of CO2 evolution may then be taken 
as an index of activity of the retting organisms. 1mboratory 
experiments involving measurements of CO 2 evolution were de-
signed to supply information as to the moisture content at which 
decomposition will be initiated and proceed actively and the 
influence of temperature on this threshold moisture content. 
Hemp, cut into ll;2-inch pieces, was placed in a constant rela-
tive humidity chamber of 40 percent for 10 days, removed, 
weighed, and waxed on the ends. The waxed samples were again 
placed in the relative humidity chamber for a further period of 
24 hours and reweighed. Six such pieces, weighing about 2 to 
3.5 g., were placed over sulfuric acid solutions giving known 
relative humidities. The containers wcre placed in a water bath 
maintained between 28° and 30° C. and CO:Aree air passed 
through the acid solution and over the hemp at the rate of about 
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Fig. 25. Desorption of water from hemp samples initially in equilibrium at 
70, 80, 90, 95 and 100 percent relative humidity on transfer to an atmosphere of 
40 percent R.H. 
500 ml./hour. The CO2 evolved was absorbed by passage 
through dilute sodium hydroxide in Pettenkofer tubes. The 
hemp was allowed to remain for 10 days in atmospheres of 80, 
90, 95 and 100 percent relative humidity. One duplicate set of 
samples was dipped in distilled water daily to simulate dew 
deposition, while another was not treated. Determinations of 
CO2 evolved were made every 24 hours and at this time the 
moisture content of each of the hemp samples was ascertained 
by weighing. 
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IjoW temperature retting experiments were conducted in milk 
bottles placed in a refrigerator at 6°_7° C. About 400 ml. of 
sulfuric acid solutions of appropriate specific gravities were 
placed in thc milk bottles in addition to large test tubes of stan-
dardized sodium hydroxide. The acid solutions used were selec-
ted to produce rclative humidities of 70, 80, 90, 95 and 100 
percent. Two pieces of hemp of avcrage diameter and 5% 
inches long were treated in the same manner as the smaller pieces 
of hemp previously mentioned, and were suspended from the top 
of the bottle by a very fine wire held in place with a rubber 
stopper. Determinations of CO2 were made every 24 hours for 
10 days. "\Veighings of the hemp were made concurrently to 
determine changes in moisture content. 
Data showing the milligrams of CO!! evolved per gram of the 
green unretted hemp at 24-hour intervals, and the moisturc 
sorption in atmospheres of 80, 90, 95 and 100 percent relative 
humidity and at a temperature of 28° to 30° are summarized in 
fig. 26. Carbon dioxide, amounting to 3.3 milligrams per gram 
of hemp, was first liberated from hemp in an atmospherc of 100 
percent relative humidity between the 48th and 72nd hours. The 
moisture content of the hemp at this time increased from about 
24 to 28 percent. Carbon dioxide continued to be liberated in 
increasing amounts until a peak of 11.4 mg. of CO2 per gram of 
hemp per 24 hours was reached between the 5th and 6th days. 
Thereafter the evolution gradually declined. The hemp reached 
a peak moisture content of 32.4 percent on the 6th day. The 
apparent decline in the moisture content of the hemp after the 
6th day was due to loss in weight of the sample rather than to 
an actual decrease in moisture content. 
Hemp in an atmosphere of 95 percent relative humidity first 
evolved CO2 between the 72nd and 96th hours at a moisture con-
tent of betwecn 24 and 26 percent. The evolution of CO!! reached 
a peak of 3.5 mg. per gram of hemp on approximately the 5th 
day when the hemp held about 27 percent moisture. Although 
the moisture content continued to rise slightly, CO!! evolution 
declined to about half this amount by the 7th day. 
In addition to these findiugs, the fact that the hemp held at a 
constant relative humidity of 90 percent evolved no CO!! during 
the 10-day period, even though the moisture content of the 
hcmp reached 22 percent, lends snpport to thc belief that only 
when the moisture content of hemp approachcs 26 percent will 
microbiological activity be initiated and maintained. 
In an attempt to simulate clew deposition such as is experi-
enced in the field, samples of hemp maintained in an atmosphere 
of 80 or 90 percent relative humidity were immersed for 10 
seconds in distilled water at the beginning of the experiment and 
at the 48th and 96th hours. Others kcpt at a relative humidity 
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Fi~. 26. C02 evolution and moistnre content of hemp straw at relative humid-
ities of 80, 90, 95 lind 100 percent and 28·30° C. 
of 70 percent were dipped at the beginning of the experiment 
and every 48 hours .for 10 days. Periodical weighings were made 
just prior to dipping. 
The eo~ evolution and moisture content data of unretted 
hemp, intermittently dipped in water and allowed to ret in an 
atmosphere of 70, 80 or 90 percent relative humidity at a tem-
perature of 28° to 30° C., are shown in fig. 27. 'When the hemp 
was kept at 70 and 80 pereent relative humidity, CO2 was 
evolved in small amounts only immediately after dipping. Ap-
parently the dipped hemp lost water so rapidly in atmospheres 
of 70 and 80 percent relative humidity that the moisture content 
soon became too low to permit appreciable biological activity 
to continue. On the other hand, when hemp was dipped and 
allowed to ret at 90 percent relative humidity, wetting raised the 
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Fig. 27. C02 evolution and moisture content of hemp .traw intermittently 
dipped and exposed to relative humidities of 70, 80 or 90 percent and 28.30 0 C. 
moisture content to a point where CO2 was evolved after the 48th 
hour. The influence of the wetting at the 96th hour lasted 
through the 10th day, though the evolution dropped somewhat 
as the moisture content of the hemp approached 28 percent 
betwecn the 9th and 10th days. 
Biological attack on hemp at 6° to 7° C., held in atmospheres 
of 95 or 100 percent relative humidity, was first evidenced by 
CO2 cvolution between the 5th and 6th days and the 4th and 5th 
days, respectively. (Fig. 28.) The moisture content of the former 
sam·ple at that time was betwecn 33 and 36 percent and the 
latter between 39 and 43 percent on these days. Since the mois-
ture content of the hemp samples held at 95 or 100 percent rela-
tive humidity reached the apparent threshold level for retting at 
28° to 30° C., namely 26 percent, 48 hours before CO2 was 
evolved, this delay in the initiation of biological attack may be 
attributed either directly to the lower temperature or to a 
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higher threshold moisture level at this low temperature. Micro-
bial activity, if 'present during the 48-hour period in which the 
moisture content rose from 26 percent to over 33 percent, was 
so slow that only small amounts of CO2, immeasurable by the 
method adopted, were liberated. From the practical standpoint 
it seems likely that for initiation and continuation of retting at 
low temperatures the hemp must be, at 3. higher moisture con-
tent than is necessary if the temperature conditions are more 
favorable. This may be expressed somewhat differently by say-
ing that the apparent critical moisture content for initiation of 
rettillg increases as the temperature decreases. No CO2 was 
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Fig. 28. CO:! evolution and moisture content of hemp .traw at relative humid-
ities of 70. 110, 90, 95 or 100 percent and 6-70 C. 
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evolved at any time from samples held at 70, 80 or 90 percent 
relative humidity because the equilibrium moisture CO,ltent never 
reached the threshold value, 
Retting activity even in the presence of adequate moisture 
was greatly reduced by the low temperature, The peak rate ob-
tained at 28°_30° C, was 11.4 mg, CO2 per g, of hemp per 24 
hours on the 6th day, ,whereas at 6°_7° C, the maximum was 3,6 
mg. per g. on the 10th day. (Figs. 26 and 28,) , 
It may be noticed that the equilibrium moisture contents of 
the hemp incubated at 6°_7° C. in relative humidities of 95 and 
100 percent are distinctly higher than at 28°_30° C. This is in 
part a real effect and in part due to surface condertsation that 
occurred when the straw, samples were withdrawn for weighing. 
NATURE OF THE ACTIVE FLORA ON RETTING HEMP 
When hemp begins to ret in the field, dark flecks appear on 
the surface of the bark, These spots continue to appear and 
spread until the surface turns to a dark gray color. These flecks 
are caused by colonies of fungi growing on the surface and 
ramifying throughout the tissues of the hemp bark. Fungal 
staining is in fact responsible for the steely-grey color which is 
regarded as characteristic of properly retted hemp fiber. 
Samples of field-retting hemp were collected in 1943 and 1944 
from the principal growing areas in north-central Iowa, in addi-
tion to those obtained from field-retting experiments carried on 
at Ames, For experimental purposes freshly cut hemp of about 
average height and stem diameter was selected and placed on 
wires in eight 3-foot sections as described earlier. Where the 
hemp was not turned, samples were taken from both the top and 
bottom layers. As soon as the hemp samples were 'brought into 
the laboratory, examinations were begun to determine the domi-
nant fungal flora by the two following methods: (a) Pieces of 
hemp, about 2 inches long, were cut from stalks and placed over 
wet sand in large petri dishes. After standing for 12 hours, 
small strips of the outer cortical sheath, 1 to 2 ~m. 'in width, 
were separated from the woody core, placed on a slide with a 
drop of water and examined with a microscope, using transmit-
ted and reflected light; (b) suspensions of organisms, obtained 
by shaking two 1-inch pieces of hemp in bottles containing 100 
ml. of sterilized water and 15 g. of white sand, were plated 
according to the dilution-plating method on Czapek's agar and 
glucose agar. . 
Direct microscopic examination of retting hemp so treated 
showed a dense growth of fungi covering the hemp bark, and 
fungal mycelium was observed ramifying all through the softer 
tissues. Usually identification of the fungi by recognition of the 
sporulating habits was readily accomplished. 
TABLE 11. OCCURRENCE OF THE FUNGI FOUND DOMINANT ON HEMP DURING THE PROGRESS OF 
l<'lELD RETTING AT AMES IN 1943. 
Days of retting 
Organism I 7 ! 15 ! IS 120 ~ 2s1 30 I 31 35 i 36 1 40 l41 142 \ 60 I 61 1691 74 l791S7192 
Alternaria • •••.••••••••••••••••.•.••. "1 B 
Hormodendrum • •.•••.•••.•.•• '" ••••• , , B 
Fusarium.............................. B 
Plwma •..••..•..•.••...•.•........•... 
CephaltJBporium • ••.••••••....•••....•.. 
GlcoBporiu.n • ••••••••••••••••••.•.••.•. 
Trichothecium;- ••• .......... ' ••..•.•.••• 
Monilia . .••••••••••....•....•..•..••.• 
A8pergillu8 • •.••••.••••.•.• ' ••••••.••.•. 
Penicillium • .••.•.••••••••••••.•.••.•.• 
Periconia ••.•••••. •••••••••.••.••••••. 
Bpfca.ia ••.•....•••....••.•••••••••.•.. 
Bppicoccum . .......................... . 
Caniothyrlum • ...••••••.••••.••........ 
Trichoderma . .......................... , 
BlAB 1 1 AB I AB I AB B. AB AB AB AB AB 
B AB AB BIABI B 
ABJAB B B 
BI B B 
B I I 
:1 B B BI I 
1 
BI 
I 
A Identification by direct microscopic examination of the tissue. 
B Identification after plating by dilution method. 
A lAB lAB A AB AB 
A AB B 
AB 
AB 
AI 
B 
BI 
AB AB AB AB B B A B AB 
AB AB AB AB B B A B AB 
AB B AB 
AB AB AB B B A B AB 
A B B AB 
A 
B 
BI 
I 
B 
I IB 
, BI 
ex; 
(Xl 
.... 
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In 1943 and 1944 a survey was conducted to determine the 
dominant genera of fungi occurring on hemp during the 
progress of retting. The data in tables 11, 12 and 13 indicate that 
species belonging to the genera Alternaria, Hormodendrum, 
F1lsa,rium, Cephalosporium and Phoma appeared most frequent-
ly. Rarely were species belonging to Alternaria and Hormoden-
drwin absent from retting hemp. 
During warm, humid periods in September 1944 l'riclwthe-
ciltrn rosemn was noticed growing in'light-colored areas 'on many 
stalks. These areas in a short time became over-retted. Often 
Ceplt·a.losporimn was also found associated with T. 1'Osellm as is 
indicated in table 14. 
Some factors that appear to influence the nature of the fungal 
flora are: (1) Position in the swath, (2) high moisture content, 
continuously maintained, (3) stage of ret. Data in table 15 indi-
cate that species of Phoma and Cephalosporium appeared more 
often on top than bottom hemp, whereas species of Fusarium 
appeared more frequently on hemp from the bottom position. 
TABLE 12, OCCURRENCE OF THE FUNGI FOUND DOMINANT ON HEMP 
DURING THE PROGRESS OF FIELD RETTING 
AT AMES IN 1944. 
O,~o'om I 'l ' 1 "I " 1 ,:'1":'1 ::'\:: 1 " I" 1 "I"' 
.Hter..aria............. ... Ii A AB A A AB AB B A A B A 
f,f:;~~.~::;:i.~/:".~I: : :.: : : : : : : :: ~ 1 A~ 1 A A~ 1: ~ 1 1 : ! 
PllOlIIa. . • • . . • • . . . . . . . . • • • AB A B B B A 
Cephal08po,·;rl1l •.•. ........ , B A A 
T,·lchotheciulII,·oseltlll. . . . • . A B A A A B 
Aspergillus. . • • • . . • . • . ... • • B 
G/lo~otry8. • • . . . • . . • . . • . • • B 
A Identification by direct microscopic examination of the ti •• ue, 
B Identification after plating by dilution method. 
TABI,E 13. THE FREQUENCY OF OCCURRENCE OF THE DOMINANT 
GENERA OF FUNGI FOUND ON FIELD·RETTED HEMP IN 
VARIOUS LOCATIONS IN IOWA IN 1943·44, 
Location 
I I T;m.. '".0' 
Number 1 Alter-I ][01'1110- 1 J'!tsa- 11'IIO.na 1 Ccplw-
of eXBIl' 1IQ1'W dcn- nulII I08PO-
inations drulII riu.n 
Ames .....••.. 76 72 68 46 36 22 
Boone ....... , 1 1 1 1 
Britt ........• 5 5 5 3 2 1 
Clarinda .. , •. , 1 1 1 .. 1 .. 
Crystal Lake •. 2 2 2 2 .. .. 
Eagle Grove ... 4 4 4 4 2 
Grundy Center 9 9 7 2 4 4 
Hampton ..... , 3 3 3 2 3 2 
Humboldt ..••• 1 1 1 1 .. 
Traer .... : ... 'I 5 4 4 2 3 3 
TricllO-
thee!u.n 
roseutn 
14 
.. 
.. 
.. 
.. 
4 
.. 
3 
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TABI,E 14. ASSOCIATION OF FUNGI IDENTIFIED ON SMALL LOCAL 
OVER-RETTED AREAS ON HEMP STALKS (1944). 
Total areas examined = 50 
Organism 
A lternaMa ........... . ............. . 
lIormodendrum .....•..•..••..•••..••• 
f,'usar·ium .•••.•••••••..••..•••••.••.. 
1'11Oma ....•........•.............•... 
O"1l1.alo8/IUl-Ium . . . . . •. . .............. ' 
'l'rlcllothcclum "08ell1l1 ••••••••••••••••• 
Times fonnd 
5 
2 
10 
1 
40 
38 
Alte1'na,.ia and Hm"modend1"uln grew well regardless of position. 
Fusarimn apparently was more sensitive to sunlight or wide 
changes in moisture content. That FUSa1'i1l1n is favored by moist 
conditions was also brought out by the fact that this genus was 
found more abundantly on the hemp that was frequently sprin-
kled, though there appeared to be no marked change in the 
species of fungi found. Fusarium also appeared as the dominant 
fungns on retting hemp in September 1944 when retting took 
place during an unusually wet period. Later in ths season under 
drier conditions Fusarimn spp. was found infrequently. 
In general there were no pronounced differences in the nature 
of the fungus flora as retting progressed, though there was an 
indication that F1tSa,rimn appeared more frequently during the 
early stages of retting and Phoma more often as retting ap-
proached completion. An attempt was made to give quantitative 
expression to the increase in activity of the fungi that accom-
panies the onset of rettillg. Fungal counts, made by the dilution 
plate method, reflect only relative values at best, because as car-
ried out on hemp they primarily represent spore counts., which 
• are not necessarily indicative of the amount of mycelium present. 
However, fungal counts on retting hemp were found to be from 
5 to 50 times greater than those of green hemp. (Tables 16 and 
17.) 
The part that bacteria play in retting in the field is not clear. 
In order to evaluate their possible importance in field 'retting, 
the numbers per square millimeter of unretted and retted hemp 
straw surface were determined by counting colonies appearing 
on glucose agar plates made by t.he dilution-plating method. In 
TABLE 15. THE PREVALENCE OF THE DOMINANT GENERA OF FUNGI 
~'OUND ON HElIlP STRAW FRO~! THE TOP AND BOTTO:lI O~' 
THE SWATH (AMES, 1943, 1944). 
I" 1 
Times found Number 
Location of exam· AU",'- 1I0I'mollclI- PIIsa- P1wllla {h':/Il&a lJ.-f/,O-
Inations naria Ilrlllll Mllm Mum 
Tall.· ... '1 55 53 50 25 32 20 
Bottom ... 21 19 18 21 4 2 
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TABLE 16. NUMBERS OF AEROBIO BACTERIA AND FUNGI FODND ON 
UNRETTED AND FIELD·RETTED HEMP AT AMES. 
Ames, 1943 Ames, 1944 
\ Icounts per square mm. ! Icounts per square mm. 
Days of of hemp surface Days of of hemp surface 
Section retting I Bacteria I Fungi Section retting I Bacteria I Fungi 
Green I 250 14 Green 316 31 (Tnretted 240 32 Unrettecl 275 21 
1 60 2,220 144 1 10 250,000 252 
80 8,333 460 13 320,000 290 
2 60 1,778 266 20 93,000 531 
80 2,273 528 2 17 230,000 750 
3 60 7,625 750 28 254,000 720 
80 2,150 100 3 16 233,000 790 
9 69 2,789 170 
I 
29 332,000 523 
75 3,722 224 11 2 1,430 179 
11 61 1,177 173 20 98,320 502 
67 7,670 714 28 210,000 732 
addition, impressions of microbial growth were made by press-
ing glass slides against moist retting' hemp. Some slides were 
fastened to stalks by use of rubber bands, and allowed to remain 
in this position for 3 to 5 days. Still other impressions were 
made by firmly pressing freshly stripped bark against clean 
slides. Subsequent staining with phenolic erythrosine for 10 
seconds was quite satisfactory in producing a "print." 
The number of aerobic bacteria found per square millimeter 
of hemp surface on samples spread out at Ames in 1943 and 1944 
is given in table 16, and counts made on retting hemp samples. 
from other parts of the state in 1944 are given in table 17. Green 
unretted hemp of course carries a small bacterial flora, but 
retting hemp was shown to have vastly larger numbers of bac-
teria. The samples examined in 1943 had been exposed for 60-80. 
days by which time retting was wcll advanced. In gencral the 
numbers of bacteria then found were 10 to 30 times greater than 
on the green stalks. In 1944 samples were taken earlier and 
during a period when raihfall was fairly plentiful. The bac-
terial counts on these samples were fifty to one hundred .fold 
those made in 1943. Samples from a number of locations (table 
TABLE 17. NUMBERS OF AEROlHC BACTERIA AND FUNGI FOUND ON 
}'mr,D·RETTING HEMP ,IN VARIOUS J,OCATIONS 
IN IOWA IX 1944. 
Counts per square mm. 
Days of hemp surince Condition 
Location ret ted Bacteria Fungi of fiber 
Britt ............... . 50 230,000 420 Medium strong 
Eagle GrOve .......... 44 10,530 735 Strong 
Grundy Center ........ 37 72,000 992 Strong 
Hampton ............ . 55 278,000 730 Weale 
Traer ............... . 41 235,000 270 Very weak 
Traer ............... 44 320,000 340 Very weak 
Traer ............... . 47 321,000 750 Very weak 
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17) had surface bacterial populations of the same order. Con-
tact slides invariably showed the. presence of bacteria on the 
epidermis of the retting hemp. Whenever a superficial film of 
moisture was present bacteria were found in abundance. 
GENERAL DISCUSSION 
The subject of the field retting of hemp has been approached 
from three directions: (a) Many observations were made of the 
progress of retting of the commercial crop and the effects of 
such practices of management as are current; (b) the moisture 
status of hemp straw as affected by environmental conditions 
and changes was studied in the field, and the nature of the 
natural microbial flora developing in the straw was examined; 
(c) the moisture relationships of hemp straw under controlled 
conditions in the laboratory were determined, and the· threshold 
moisture content permitting retting to be initiated was ascer-
tained. Integration of the information obtained makes it pos-
sible now to indicate clearly the relative importance of the vari-
ous factors involved in the field retting of hemp, and to consider 
practical questions of management in relation to these. 
Retting cannot be initiated or proceed unless the moisture 
content of the hemp straw is above a certain minimum Or thresh-
old value. The climatic conditions in Iowa in the fall are ordinar-
ily such that although this threshold moisture content may be 
reached at frequent intervals it usually is not long maintained. 
Experiments on retting under controlled conditions, which will 
be described in a later bulletin, have shown that if moist hemp 
is maintained under warm humid conditions so that the moisture 
content is not limiting, retting is completed in only 120-140 
hours. The experience of 1943, when much of the hemp lay in 
the field for 60-90 days and was still far from com.pletely retted, 
is in great contrast. It must be assumed that during the whole 
of this period there was in aggregate less than the equivalent of 
a period of 120 consecutive hours when the moisture and tem-
perature conditions were such that retting occurred. 
. Analyzing in turn the sources of moisture available to the 
hemp, there is, first, that in the atmosphere. Absorption studies 
made it clear that hemp stra:w is highly hygroscopic but that 
unless the relative humidity is in excess of 90 percent the equi-
librium moisture content attained on long exposure is well below 
that at which retting can be initiated, and even at 95 percent the 
threshold value for green or sun-bleached hemp wou).d barely be 
reached. Only when the atmosphere is saturated is sufficient 
moisture absorbed to give a moisture content well above the 
threshold value. When the hemp is dry, exposure for 3 to 4 
days is needed for the threshold value to be passed. In raIl 
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Fig. 29. A hemp stack yard. 
weather the atmosphere reaches saturation not infrequently dur-
ing the night for a period of 10-12 hours. Longer periods of near 
saturation arc very infrequent. 'rhe rate of uptake of moisture 
by the hemp straw is rapid in the range of low initial m6isture 
content. For example, unretted hemp in a saturated atmosphere 
would increase in moisture content from 3 to 18 percent in 12 
hours. As the critical moisture content at which retting can be 
initiated is approached, the rate of uptake is far slower, and a 
period of 12 hours would be needed for the moisture content to 
increase from 25 to 27 percent. These considerations make it 
probable that retting in the field is most unlikely to proceed as 
a result of moisture absorbed by the hemp straw from the atmos-
phere alone. The changes in moisture content undergone by 
the hemp within and towards the bottom of the swath probably 
reflect fairly closely the changes in relative humidity of the 
atmosphere. It was observed that the maximum moisture con-
tent of hemp in this position was ordinarily reached about 8 :00 
a.m., but that this maximum was well below the threshold retting 
value. For example, the moisture content of bottom hemp (fig. 
11, Oet. 2-3, 1943), which at 4 :00 p.m. was 6.0 percent, and at 
8 :30 p.m. 10.2 percent, increased to 16.5 percent by' 8 :00 a.m. 
the next day as a result of exposure to a saturated atmosphere 
for 10 hours. By 4 :00 p.m. on the same afternoon, because of a 
sharp fall in relative humidity, the moisture content was reduced 
again to less than 8 percent. . 
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The second source of moisture to be considered is that deposit-
ed on the hemp in the form of dcw or frost. It was a matter of 
observation that only the superficial layers of the hemp were 
ordinarily covered with dew even after nights when the deposi-
tion was heavy. The hemp stalk after once being dried is fairly 
absorbent, and its absorbency increases as retting proceeds. 
Moisture determinations carried out on the top hemp at 8 :00 
a.m. during rainless periods in September and October showed 
that the moisture coutent was then usually bctwecn 20 and 30 
percent and often in the neighborhood of 25 percent. In Novem-
ber, when lower temperatures prevailed, moisture contents of 
oVer 30 percent w~re found if frost deposition had occurred. It 
is unlikely that moisture deposited during the evening would be 
distributed uniformly through the hemp stalk by morning, and 
accordingly it can be presumed that the bark, in which the fibers 
are embedded, may have been rather more moist and the woody 
pith less ,moist than the mean figure obtained for the straw as a 
who~e. Deposition of dew therefore could result in the moisture 
content of hemp exceeding the apparent threshold value for 
retting. It should be emphasized that this applies only to the 
surfaces of those stalks exposed on top of the swath. It was, 
however, a general experience that because of bright sunshine, 
wind and a rapid fall in relative humidity, the top hemp lost 
moisture rapidly between 8 :00 a.m. and 10 :00 a.m. The length 
of the periods during which the moisture content of the hemp 
was raised by dew deposition to or above the point at which 
retting' could occur could not have much exceeded 12 hours. 
"Whether or not biological activity would proceed would then de-
pend in grcat measure on the temperature. Pield retting is 
sometimes spoken of as dew-retting. It is, however, difficult to 
conceive of a heavy stand of hemp in Iowa becoming fully retted 
as a result of moisture supplied only in the form of dew. The 
fact that rettillg normally is observed to commence in the super-
ficial layers is a ·clear indication, however, that partial dew-
retting is possible. The limiting factor is probably the brevity 
of the periods when the hemp is sufficiently moist, and the effect 
of alternate wet and dry periods on the microbial population. 
·When dew is the only'source of moisture the hemp stalks at the 
middle and bottom of the swath remain unaffected because they 
never reach a sufficiently high moisture content. This is in fact 
what was observed in the field at various locations in 1943. 
The third and most obvious source of moisture is, of course, 
rain. Only as a result of rain is the hemp straw likely to aquire 
a moisture contcnt well above the limiting moisture content for 
retting and only as a result of rain is the whole mass of hemp 
likely to become uniformly wet. Purther, only as a result of rain 
is the straw towards the bottom of the swath likely to become 
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retted at all. 'l'he conclusion is inescapable that for slwcessful 
retting adequate rain is essential. 
An analysis of the rainfall distribution during the autumn 
months shows that great divergenee from the normal is to be 
expected. The concept of a "normal" is in any case unreal since 
it represents only the mean of readings scattered widely on both 
sides of it. For the three years 1942-44 inclusive, precipitation 
in September and October has been below'the long-time average 
or "normal." The results obtained suggest that total precipita-
tion cannot be used to predict certainty of successful retting. It 
cannot even be indicated that above or below a certain figure for 
autumn precipitation retting will or will not be completed. Once 
the hemp is thoroughly wet additional rain is of no value cxcept 
insofar as it might affect the duration of the period of high llU-
midity following the rain. Heavy rains therefore are not neces-
sarily more effective than light rains, and the number of rainy 
days during the fall is probably more important than the total 
amount of precipitation. Indeed, above a certain minimum lev-
el, the climatic conditions immediately following the rain and 
not the amount of rain itself determine how much retting is 
accomplished. If the weather is warm, skies are cloudy and the 
humidity remains high for a clay or two after rain, retting will 
proceed vigorously. Frequent small showers similarly would 
provide good conditions. An occasional heavy rain followed al-
most immediately by clear bright weather is not of great value 
in advaneing the retting of the top straw. Under such conditions 
some progress is likely to be made by the hcmp at the center and 
towards the bottom of the swath, however, because drying there 
occurs more slowly. The experiment in which hemp was sprin-
kled at frequent intervals may be used as evidence in support 
of. the statcment that it is the conditions immediately follo,ving 
rain, more than the rain itself, that determine whether retting 
will proceed far. Hemp so treated did not ret so fast as might 
have been expected in view of the frequent wettillgs it received, 
because the conditions after the wetting were such that the hemp 
straw quickly dried ont again. 
Temperaturc is probably far less frequently a limiting factor 
. in retting than moisture content. During the months of Sep-
tember and October the day temperatures are normally sufficient 
to permit biological actiyity to take place. On many nights in 
September and October the minimum is between 40° and 50° F., 
and in thc early fall often much higher. During October slight 
frosts or near freezing temperatures occur with increasing fre-
quency, and when Noyember is reached these become the rule. 
By this time, also, day temperatures may be low. In general the 
day temperatures are such that rettil1g call surely occur in 
September and October in the daytime, and also at nights ill 
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the early fall when the mInImum does not drop bel9w 40° F. 
The chances of retting in November are not good, though an 
occasional warm period may occur when the moisture content of 
the hemp is less likely to be limiting than earlier in the season. 
The microbial popUlation responsible for retting of hemp does 
not appear to be a highly specialized one. Fungi are always ob-
vious. A flecking of dark spots appears as retting commences, 
and these dark flecks become more numerous and spread as 
retting progresses. Examination of the bark shows fungal my-
celium ramifying through the tissues. The presence of bacteria 
cannot be denied. By direct examination and counting pro-
cedures the numbers of bacteria on retting hemp have been 
found to be very substantial. It is not possible to assess the 
relative importance of these two groups, which in fact may vary 
with circumstances. The retting microflora is confronted with 
one circumstance that is somewhat unusual, namely alternate 
moist and dry conditions, as the moisture content of the hemp 
straw fluctuates back and forth across that threshold value 
which permits organisms to grow and divide. These fluctuating 
conditions may well determine in part those organisms that are 
dominant. Fungi in general are somewhat better adapted than 
bacteria to low moisture conditions, and their habit of growth 
throughout the tissues may give them some protection. Bacteria, 
on the other hand, need a water film ill which to develop. It is 
probably significant in this respect that high bacterial counts 
seemed to be associated with moist periods. Following wetting, 
either by dew or rain, and absorption of water by the hemp 
straw, there would be a lag period of several hours before the 
fungi and bacteria become vigorous. The length of this lag 
period has not been determined, but it must be presumed to be 
considerably less tIlIin 12 hours because some retting occurred 
in hemp that was only above the threshold moisture content for 
periods of about 12 hours. The genera of fungi that were 
dominant seem to be almost identical on all samples examined. 
Dark-colored species of Altm·nm·ia. and Hormodendrum were 
Ubiquitous. Fusarium spp. were almost as numerous but ap-
peared to be favored by moist conditions and moist period ... 
These organisms are common soil-bornc forms. It is, however, 
of interest that· other common soil fungi, such as species of 
Mucor, Aspergillus and Penicillium, rarely occur on rettil1g 
hemp, and that light-colored species of T1'ichotheciltll~ and 
Cladosporium seemed to displace the normally abundant Alter-
naria. and H o1'modendntm in local areas on the hemp stalks 
under wet conditions. 
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CONOLUSIONS 
In the light of the observations and investigations reported 
earlier and discussed in the preceding section, ~ertain conclu-
sions can be reached as to the retting of the hemp crop in Iowa. 
The main one is that in the north-central area, in which com-
mercial hemp was grown in 1943 and 1944, successful field ret-
ting is a~ best very uncertain. The "normal" rainfall and mois-
ture conditions in that area are adequate to permit retting to 
proceed to completion, but the divergences from the "normal" 
with respect to both total rainfall and pattern of distribution 
are so great that the venture has to be co~sidered risky. The 
chances' of obtaining a successful crop are good, whereas the 
chances of 'successfully retting. that crop are much poorer. A 
detailed study of "local" climates might show that certain areas 
are more likely to offer favorable retting conditions than others . 
.Although good hemp could undoubtedly be grown in the 
western part of the state, the drier fall conditions that are "nor-
mal" for that area would make retting even more precarious an 
operation than in the north-central, east-central or southern 
part of the state. 
With completion and uniformity of retting as an important 
objective in management, the following practices would appear 
to be desirable. The hemp should be harvested early in Septem-
ber. The "normal" September rainfall for north-central Iowa is 
over 4 inches, whereas that for October is under 2.5 inches, and 
moreover the average number of rainy days in September is 
higher than in October. Harvesting early in September would 
therefore increase the expectation of exposure to rain. If 'it is 
apparent that retting is proceeding only slowly because of ab-
sence of rainy and humid weather, and is . limited primarily to 
the top hemp as a result of dew deposition, turning should be 
practiced in order to accomplish a greater measure of uniform-
ity. Turning should be carried out well before retting of the top 
hemp is completed, and probably when the dark flecked areas 
on the straw become numerous. Hemp cut early in September is 
usually ready to be turned by the middle or the latter part of 
the month. Turning after Oct. 15 is not lil{ely to be worth while 
if retting is to be completed by the end of that month, so that the 
crop can be picked up early in Noyember. Turning is not es<;;en-
tial if retting is proceeding fairly uniformly throughout the 
swath, which is likely to be the case in rainy find humid periods. 
In harvesting the hemp, every effort should be made to leave 
as short a stubble as possible, particularly if the harvest is 
delayed and if the stand is heavy. To do this it may be neces-
sary to pay more attention to leaving the land in a level condi-
tion at the time of preparation of the seedbed. Some improve-
ment in harvester design also might be advantageous. Apart 
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from the economic aspect of including as much as pO!'jsible of 
the lower part of the stalk, a short stubble means greater reten-
tion of moisture by hemp at the bottom of the swath and 
consequently a greater likelihood of uniform retting. 
If hemp is to be produced in Iowa for purposes that demand 
a product of high quality and uniformity, it is probable that 
some alternative controlled process of retting would have, to be 
substituted for the present uncontrollable field retting system. 
